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is A T reatiſe of Prutctira! Navi gation, 5 
which are the moſt effectual Methods = 
determining che Bongitude at Sea by the ill. 
Cburſe and Diſtance failed, and by hel? 
of >the obſetved Latitude. But as that 
; Method:is found defective :x . 
The ſecond 'of theſe Books, intitled wa | 
Haw und general Introduction to Prattical 
Mfronomy; contains a Courſe of Inftruc- 
kits, for nking! ſack 'aftronomical 
ery: 7 by ew inſtrüments and l 5 
2 aA 5 that Whoever follows 1 
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75 Definitions relative'to the Longitude. . vi ſha a 
4 Longitude- At Sea, is Spherical Ang 


_ angular Point is at one of the Poles of the, Kahr 
Globe; and whoſe two Sides are Arches of two terfel- 


wal Meridians, one of which eee ar 
ſome 


\ 
146 


| INTRODUCT ro 10 8 
Definitions. relative to the: Longitudee 


a Fame other known. Place from which: 3 


tu be reckoned, and the other Paſſing throùgh the Place. 
where the Ship is aF Se And: the diſcovery of win 


Angle, on Board a Ship at Sea, after ſhe hath been a. 


conſiderable time on the Ocean, and her Place is im- 
rfectiy Known by the Courſes and Diſtances ſailed; 


l Is called the diſcovery of the Longitude at Sca. 


d. :Inichis general Definition, it is. ſupgoſyrd chat the 
Each, on which we dwell is nearly of a eee Tl 


ſphetical. Form. the. Circumference of a great C _ | 


on it's Surface 360 Degreestor 21600 nautigal 
and its Diameter nearly 6876 nautical Miles, the nau- | 
tical Mile being to the Eng liſh Statute Mile ron : 


in the Ratio of 8 to 9 or of 32 to 37, as it is found 

by Meaſurement 2 Engl la and other Euro opean 

Countries. Om the Surf 15 | 
he 


this. Globe are the Lands 
and Seas and theſe are the Baſis or Foundation of Geo- 

graphy and Navigation. Bud in order tp the betten 
Underſtanding of this Subject, it is proper to conſider 

the. Motion of the Earth found its own Axis and alſo 


round the Sun,. becauſe from'theſe Motions the prin- 


cipal. Citeles of the Sphere are derivads, and on 1 8 


hg Conſiruction chiefly depends. j 
II. Of -the Motion of the Earths 3 | 
ing 4 Le a repreſent the Centre of the Earth's W 
an 


c it's Diameter, des a. great Circle , 


though the Ends or Extremes. the D ameier, 
dae another great Circle paſſing through the points 4 
and e ſuppſieng them, equally; diſtant from & and 71 
then let the Whole Globe -þdce. be ſuppoſed to turn 
round the immoveahle Axis Sac with an equable Swift- 
neſs, ſo as to perform one whole Revolution in 24 
; Hours, in a Ditection from Weſt toward the Eaſt, and 


it will repreſent. the diurnel or daily -Motien- of the 


Earth, whereby the Son and: Stars at great Diltances 


from the Earth, appear as though they did move raund 
. the Earth's Axis ine that ſanm time, in a Direction from 
Eaſt toward 8 e e 


immos cable. 3 by 
ico, an „„ , . 4th, | 


N 7 # " oy.) 
* 
” F La, 4 
14 2 * 
FY a . . 
* 
5 


nog Motion of the EW. 
1 The Points h and ic repreſent the Poles adds 


. 


Poles is the Equinoctial, and ſuppoſing an indefinite 


number of great Circles to paſs . tte co., poles, 


and to be very near to each other at the Equinoctial, 


_ they are Meridians. From the Equinoctial towardej- . 
ther of the Poles, as , or gb, or gi, the Latitude of 


a place is reckoned in-Degrees and Minutes, Whether 


| it be- North or South. But for the Longitude from 


London, Suppdſing London, nd either:g, b, i, , or 
I, the Place of a Ship at Sea, the dane te 


at the pole by the two. Meridians d and , olilier Eaſt 


or Weſt Longitude from London, Rnd the like for Lon- 


Situde from the Meridian of Greenwhich, Puris, or 


any other firſt; Meridian from which Longitude is teck- 


oned. To theſe Defmitions it is proper to add, that, 

the Zenith is the Point in the Heavens perpendico- 
larly over a Perſon wherever he is, The Nadir is the 
Point in the Heavens "oppoſite: thereto directi under 


him. Phe Horizon of Co rim ep er : 
The true Horizon is a great Circle whoſe plane; . 
ſech through the Earch's Centre, And evety;panofic's 


| Circumference is go Degrees diſtant from the-Zenith ; 
but the apparent or viſible Horizon is a great Circle 


4 whoſe Plane paſſeth throbgh a Place an the Earth's | 


- Surface, and is neater to the Zenith than the true Hori- 


ton by the Semidiameter of the Earth. Whema celeſ- 
tial Body is at a diſtance from the Earth which is in- 
definitely great, it makes no Difference hich of cheſe 

Horizons is uſed, becauſe they cobineide; but for 


nearer Diſtances a Diſtinction muſt be made: becadſe 


dhe Situations- of ſuch Bodies àre unde: ſtood as refer - 


red to the Earth's Centre, whilſt they art viewed from 


its Surface, und the Difference of rheſe eiten forms 

| we parallaz:or parallactie Angle 
5th. For the Annual Motion of the Earth, let aÞe 

cher Centre, with the diſtancę abofiBhoooooo Mitcs: / 


draw mw” Cirole ace, and with the diſtance . Of 


EY J oa. 


in 8 5 
and Minutes is the meaſure of the Spherical-Anglemate 


ol 


5 ; 5 * 2 "of ; | 2 249 ou 
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4 INTRODUCTION; 0. 


Of the Motion of the Earth. 


eos Miles, Jet surepreſent the en unter N 


ef Gravity of the oe Solar Syſtem, near the Centre. 
of the Sun, Which is moving round that Centre, ard 


at the ſame time, the Earth is moving round atthatgreat 


Diſtance, performing a Revoltion round the Sun in a 


T4 Tear of 365d6 sh. 49m. In this Motion, the Path 


Moonee by the Earth is not in the Circle; baces bur in 
n Ellipfs as Aeg, in which ö is the Perihelion or 
ee Approach of the Earth to the Sun ; c is the 


bs "Aphelion orifartheſt Receſſion: from the Sun, and fand 


are Places in the Orbit here the Eartio is at a mean 
iſtaner from the Sun. This is chat great Ord which 
I elde eg by the Earth in Solar year. 


th. Whil the Earth is thus moving 7 75 the; Sun, | 


Teh be a point in that Orbit to which the Earth is ar- 


rived; and at the mean Diſtande: of 2 1000 Miles, and 


with an Eccentririty of 17 Miles} let a ſ haller 


Elliptic Orbit be drawn repteſen tingirhe Orbit deſcribed 


by the Moen round the Harti once in 4 Month, and 


the Phint in this Orhit where the Moon is neareſt to 5 


the Earth will beit 
the Earth the Ape 


e Periger; but where fartheſt from 
e, Which Terms differ from Peri- 


helion and Aphelion, as one een hs Ty nad : 


_ the other: the Sun for a Centre: 
yth. In this manner the Orbits akivioeber ey 


biene, Mercury: Vents, Mars, Jupiter and Saturn, 
be conſidered; with thrir 3 — and Aphelion 
7 from the Sun ;; alſu the Circuniſtances of the 


0 Flies Orbits of the out Satellites of Jupiter and the 
five Satelites of Saturn witfiithe Inclinations of their 
Orbits to the plane of the Earth's Orbit ʒ but it more 
immediately relates to the ractice of the Longitude 

4 Sea, to explain che Phænomena ariſiug from the Diur- 
ul and Annuel Motions ot th Earth, the Motion of 
- theMoon, andi the Varietyiof A ppearanees ariſing there- 


os in the Poſitions of the un, n W g 


5 8 «54 . TY. Bt Yet ee 3758 n 161 8 Fe Fi? * #7 * 3 5 * i . 


- #946 eee ab Meena 7h its 
05 b, Wittek e Pole cevaredabore a 
e | 8 9 the / 


7 


1 


n ant Me SO ney 
* "7 


LE IE 


34 
* 
, 


8 iy 


he Plans! JP! the Earth's. Orbit 66d. gem. letz it be 


carried in its Orbit from the Aphelion to the Petihe - 
lion and with ſuch an inereaſing Swiftneſs or Motion, 
as naturally ariſeth from the Properries of a Central 
Force; and then with ſueh a decreaſing Motion from 
the Perihelioa- to the Aphelion, as atiſeth from the 
lame Laws, and the annual Motion will thereby be 
proved equal, only at two times of the Tear, namely, 
when the Earth is equally diſtant from the; Aphelion 


and Perihelion Points reſpectively, By che Central - 


Force is here meant that Law/whereby+he; 


moves ſwifteſt in Perihelion and ſloweſt in Aphelion. 
and thetefore is continually. under either an accelerated 
or tetarded Motion Andithis.is manifeſt from Obſer- =; 


vations, of which there are different ones, and ib my 
were no other, ſeeing the Sun' s Diameter meaſure 
Seconds of a Degree more in Perigee chan in Apogee. 
it alone; is ſufficient for the Eſtabliſhment of this Truth. 
th. From theſe Principles, by Reaſon ef the 
Earth's Equable Rotation round ĩt's own Axis, the con- 


ſtant Paraſleliſm of it's Axie, and che valt⸗Diſtanre of 


the Fixed Stars from the Solar Syſtem, the Sidetial 
Days are equal in Length , that is, there is the ſame 
Length of Duration from the inſtant a fixed; Star ap- 

pears on the. Meridian to it's Return to it; at all times 
of the Fear. But the Solar Day beginning and ending 
always at Noon, begias at London the 1 
the Plane of the Meridian of London produced, paſ- 

ſeth through ihe Centre of the Sun; and the like for 
the Mrridians; of other places. And therefore, firſt, 


the ſame Fired Star appears to come to the Msridian | 


of any Place of Obſervatibn oh. 3m. 48. of time neat- 
ly. every Day, ſoonen than the Sun. «Secondly, the 
Day is giffyrent in Length at different tines of the 


year, although by Solar Time Aſtronomers eſtimate 


their: Calculations and Qbleryations.: i Thirdly, ghe 
Mean Solar day (ſo called becauſe it is of . h 


from the Beginning to the End of the Solar Year). bach 
I's ee lometimes n 


2 6rher WE 


A\ 


5 A doe ON, wy 
e | .Of- the Bquation-of Time. 1 
Cl Sen is en the Meridian. This is the xime coul 
dl to be kept by Clocks and Watches; butiſor 
ng the Inſtafit of time on any Solar Day to that 
| of mean Scler time, or the contrary, 2 Table of Re- 
Huction [ſited te Sach day in the'yeuar, is formed and | 
| Writionly called, the Table of E quation of Time. 
=. Toth. It'belongs to the Theory of Afrronomy #6 
3 | Hs V how och Iquation' bf time Tables are formed. A 
8 regulated fendulum Clock, carefully comparetl 
"nnd Nierdien Tranfts of the Fixed Stars, will ſhew 
very” nearly What the Change of Variation: may be at 
different times of the Var; but this mechanical Trial 
de eat preſuppoſeth che Equable Rotation of the Earth 
bdoond it's en Axis, beſide the cenſtant Puarallehſmef 
=: 17 Axis at Uifferehr titres ef the Tear; alſo an equal 
= Mekafuretment of time by\the'Clock Juring "4's Appli- 
RE... which may not be true. Ix is reſin more 
_ certain! to derive the Easton from the Laws of 
Nature and correct Obſervations, © The Inſtant when, 
che Solar- Day begins, is, as before" noted, when che 
Plane of the Meridian of u place cuts the Centre of the 
Sun; © conſequently the leuft Inequality in the Diurnal 
Notation, r fn che Annual Motion or in the conſtant 
1 Farullel Pofition" of the Burth's Axis; either of itheſe, . 
F ſötrte fmall meafure, affect che Ei vation: df 
hg time. Two of theſe four things ate ſuppoſetſconſtant, 
1 the Place of the Earrh's Oentrè in her Grbit is ſuppo- 
1 | ſed- aflignable ron the" Sentral Forees ant obſerved 
1 Trinfts of che fred ſtars, but here the Doctrine of 
3 Fo pes \ thoſe Forces is fappoſed AK. —__ ana the Aſ- 
 Atonjonical Clock” is a poſe 


2 2 #14 cas fx e 1 


| . J . deer ue ina a rhe p pre 
"the Equation of time, and others pry | 
Ded! but whatever it's Quantity may de bn any Day 
8 in the Tear, if à Clock, Wach or ether Time. 
3 Keeper be ſüppolcd to keep ecqual time whillt it t iser. 
Ei Won and # TralF-part* * yrs phy 


LS Ls i * 


* N . 
N ö py 
INT ; - 


| 1 e on the. Trot fats auion be 
to correct the * . 


Truth or Error 0 — ys Time Keeps Keeper cannotibe: Knows. 


Convenience: at Ses, the, img whishighe: Sn 8 itt 


ſhorr 
had by Help af a.ſmall;Eroceſsy; the Latizade — 
Flace, the Declination af the Sun, ebe 


ig Midnight, en e ee eee mult. 1 
bela A Ee „ 4 
Ph 1 of the Solfives,and Cal, ee I 
igch. Wh — — Ans 1 


Of. the, Lenin —_ 


ang:;on-the: 
contrary, if the Table: be: defectixe, the; 


therefore, in che making o — Obſeruations 
at Sea (where man Impediments may; preuent the“ 


keeping of equal: Time foria long Continiaace) it ig, 


certainly beſt, to have, the. Solan ume eicher before, op. 
alter:tha! Obſegvatign, asi nortiy abi. ey 
lath. Ag, Solar time is moſt common uſed, ſo 


it moſt eafily. had; from actual: Obſerustions both bx 


Land and Sea, On Land ithg: Beginning: f * Solar: 
Day is; accurately and ealily; had: by-abſenyi, 
fant when;ahe-CenireoftheSunis on the: Maric 
Place of Qbſeryation;z: and-akhough. here be. n 


of, or paſt the. Meridian on angjDays. i "I ” He ” 


the Sun being known. In the:Syn's: Meridian; Tranks.. 

let 4 repreſent; the Kart Centre, the Sun, e 
Earth's Axis, ef the Equingctial, g a Hlace on Ln 
or Sea, and'cgedf the Meridian ere revolying- - 

round the Axis. cd and ſuppoſing h and. li Bangen 

t the Meridian, let g- de. ſuch a point 3 „„ 
proacheth neareſt to þ in the Rotation thenfif 8 e 
cides with the Plane bhig the Plane af the Whole Semi: 
circle gi will alſo coincide with that Rlano, And becauſe | 7 
at the laflant this happens, ir 18, Noon along cn Men-. 
dian from g to e and; bene but an the amg ta- 1 


Phe: 


tant Midaight from 10. and to d, — 4 „ 
Quantity: of Equation of Time far that inge wan 3 
allowed for all Para of this Meridian x pj re W — 
are neateſt toward the Sud for at — — e 


Noon, but at the other — of.che ſame 1 — 


6 
VP 4 

0 W 
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1-8 INTRODUCTION es 
„„ Of ibe Solbices and csv, | 2 3 
1 5 Sun and revolving round it's own Avis; t here will be 

. two Points in the ee. Orbit, to ien u the follows 1 

5 ing Properties will belong whilſt the Earth is ſo revol- 

7 ing. The Plane of a Meridian at Right Angles to the 
FBarch's Orbit, being produced, will cut the Pole of the 
quinoctial, and aſſo that of the Earth's Orbit; there- 
0 fore, theſe two Poles are diſtant from each other 230. 
28 in the Arch of a Meridian in the Heavens, the for- 
mer af pparentiy immoveable by Reaſon of the conſtant Po? 
mien be the Earth's Axis, and the latter apparently 
| revolving by the Earth's diurnalk Rotation. This Me- 
riqdian is the Solftitial Colure, and the Points in the 
Orbit are reciprocally the Beginning of the Signs Can- 
cer and 3 in which the Sun appears as viewed 
from the Earth, at his greateſt Dedlinarion from the 
E quinoctial; theſe are the ke, of vg oh e 5 
0d cen Capricorn. e e n ied 
. Tath. But when the Battle is in Aber, of chip two. 
other Points of che Orbit, Where her two Polevare 
equally illumiaated by the Suns: he appears in the 

Plans of the EquinoRtial produced) i is then ſaid to have 

no Declination, and the Meridian pafling through the | 

Sam's Centre and the Pole of the Eqdinoctial is he 

: Sor EquinbRtial Colute, and is that Meridian in which the 

Sun is, when he is either at che nee or aprons b 

E | of rhe, twelve: Sign 036; ee 
. V. Of Dangitade n is Fixed: "SIR tn e 
RE 48 e From theſe Cauſes, the Lon: Altuge 175 hs 5 
3 Sun, alſo the Declination and the Right wenden, as 

they are uſually inſerted iy Ephemerides or Aſtronomi- 

1 cal Tables and even the quantity of the Equation of - 

| | Time itſelf, cannot be true but for the Meridian of 

=... ſome certain Place'ofr the Earth, to Which theſe Cal!“ 
clulations are adapted! And when it is ſaid chat the 
= Moon, or any onè of the primary Planetsz or any one 
Of the Fixed Scars, | tranfits the Meridian, at a certain 
ii time of the Day for any Place, the time is reckoned 
5 from that Meridian. But in the apparent Returns of 
A 1 1 W Tn CR Ie Tan _ 9 or Fo | 
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the Links: 5 1 apy Right or Leeks, = the viſe at 
thoſe Times. 7th. The 8 Wire of the Tele (cope 


may not 9 25755 in, the true Plane of the Metidian. 
8th... The other. Wires may not be co Oy Equidif: 


tant from the Cen 
8 in Gaal oe of .the Meridian, by which 
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2 1 1 adjuſted. ' Fw By, Error in the A 
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dian. 12th. The Teleſco F peromee Wee out. of the 
Plane of the Meridian BO Weight and Motion | 
_ afier.it; hath 5 0 IT is, Errgr.only may amount 
to, ſeyeral Seconds ec Ach, There may hes 
imall. Refract M. d Re ee ty 
Wk the, ah, A ; al egt the. 1 
ga of, ade Si or Mo ors Limb nd i 5 the 
| the Atmolphere. ...1 igth, There may 1 
8 want of 55 owing correctly t le ien ; 
iameter, of even, that of the.Sun, and;anacher ſmall. 
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the, Middle af the, Wirf; aud other Errors may. ariſe, 
but w ere there na. more: , MY CATS Tl. Tia ys OW 
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mits abovementioned, whilſt in Reulity they differ conſide- 
rabiy from Truth. If 16 Seas of a Degree Error 
may be hid and undiſcovered, 4 Diſcovery of another 


185 Seconds of a Degree Etror on the'fatne ſide of the 
1 or Place: 'of Truth, will make un Error of 30 


Seconds of à Degree, and this produc 
15 Miles in Longitude. All this may. 
exaggerating” the „ hilft it is well known tlrat 


h an Error of 


greater ones may ha appen pen man times, to the Amount 
of Wage and even reblle 1 be forementioned _ 
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tities. 
K. of api i the pes af Gravity. -- 


36th. Were theſe che only-Difficulcies to bon. . 


come, the Limits of niche be ane thrbugt l 
in the Obſervarions might he 'affigned "an 


vations being gompared/with'genu Hetions from 
1 Theory, would ſhew to what Exiänefef it mi th 
_ depended on; but it ſo happens, that there is" ö 


to ſuppoſe chere may be other Circumſtancet ere 


the Conſtitution of the Solar Syſtem beſide those —_ 
Aſtronomers have hitherto introduced; that hey are f 
an hidden and inſerutable kind; and may extend ther 
Influence to the Orbit of the Moon: and produce a 
ſmall Effect in her ſeeming Irreg ularities. | Theſe have 
been learnedly fearched-after d y Mathethaicians and 


Philoſophers; - and Equations 5 'been given for cor - 


tecting them, but it happens, that ſometimes the Equa- - 
tions by different Perſons diſagtee not only with one ans - 
ther, bot with actual Obſeryations ] ind it maß be 


hard to deeide Whether che Error be arenter in che : 
keory. or the Obſervations themſeloes, although made 
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wich the beſt Inſtruments and by the belt Obſervers, 
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uties ago againſt the trut Solar Syſtem have been 
ſince ebe 


the general Laws of Matter atid Motion ſucecetling 


Tine may bring 60 Light other hidden Truths, pa} : 0 
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Sun ial aft cths: Planbrs #wImnioveable; For that 
Conti either ai uc Rt or modes. bniformiy for- 

ward. in arRigbr Line But if chat Centre moved, 


*6:the' Centre of che World would'mbvealfo- M 
11 216i Ther Sum is! ined by &-Perperudb Motion,” but 5 
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Jupiter. 'n371 067 1200 $+ahd/the: Dieke of 
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#81 Proploetioni: but amd Aatter greater, the com- 
mon Lediire of Grawitjaf Jupiter and che gun, wilt 


_ 55.:fall;upod . pbint utile woit hu the Sotfüce of the 
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Sof Matter imthe Suns tn Quantity of More 


Min Saturnias 8021 tofu the Diſtance of Saturn 


+: rom the BU, in a Pidportionbutia ſmall Matter 


Sleſsg i the comme Centre of Gravity: f Saturn and 


et the Sun will fall upon ar Polnt a ſittle withim the 
+4 Surfige! of the Sun, Andipurſuingithe Principles | 


rmofithis Computation; we:thbuld find that though 
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Ft: Side of the Sun: the Niftance: of thechmmon Centre 
bl Gravity of all from the Centre of the Sun, Would 
fe. ſeutcely amount to one Diameter of the Sun! In 
# other: Caſes; the Diſtanre nf thõſe Centres is aas 


.. 65, leg. And therefore ſihcethe Centre df Gravity is 
1 in perpetual Reſt che Sunna eording to the various 
. #*::iPofitions of the Planers, muſt perpetually be moved 


ry ways but will never recede/farfromehar;Centre, 


| mitte Hencegthe common Centre of Gravity of the 
earth, che Sum and albthe! Plaßlets is to be eſteemed 
tethe Centre e the World: For ſince the Eurth; the 
Bon und wall: the Planets, e mutually⸗ gravitate one 
cromargs another, and are therefore, according to their 
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therefore leſs apt tobe mored. !"! Half lie No oy any bp | 
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by reſpesting the | Sun's" Centre! wilt be eatriec to f; 


draw ed Parallel to Buch Id will F ander appear to dein: 


zeide But if the Eafth be at g, wecker the Sus 
Centre be at u or 4, itt is the fame ; therefore, the Sun 
und Fixed Stats will have the Tame! angular Diſtatices 
whether the Sun's Centre be in or out of the common 


Nn . * 


/ 


% 


* 


— 


E= : 8 lanes... way vat, de it 1 - eriy a 2 

K 1 round 1510 mim F Centre of Gravity of 

ko ſuch a Path and Time en. 

ME. AN Fl S | 
As he; Sun, hath a Motion. round. th 
Centre, of. 9 it 1 hat he 


1 1 e 5 Sg 


Wot 155 ſe give 
5 c 5 0 


Kay 
kd e 
N o ould ans 
85 between 4 and S. times as 
the E 8 * no =I 
o war; + un's otation by. the 
þ e . by 
not near the s 


, ee Degree gn thei, Diameter would 
5 A ene e 1 ae ee 
Senſes. and Judgment, another. Io @ 1 ect in 
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EN 1 the Thang of o. 3 
xn Error in ſeveraFof the Planets Places, may be tie 
Cauſe: of ſuch other finall Inequalities as candor ealy 

be allowed for. In meafuring rhe horizontal Diamerer, | 
1 Refraction is fuppoſed Notiſing; in the veitical | 
Diatneter,' allbwance is made acrofding to o the ſuppoſed 
Refraction at tlie u per and Tower” Limbs, 'Þ 
there may be Error 1 both, and two or three Senands 
more Error; wWoulft make the Sun's” two Digmeters 
| which: rermirikes! at 10 2 ind the N have'a 


E of the: Solar” Zo ings rw ek 
affe&the Orhic ofthe a Kaen Bur -whathet 


chere de any fuer or not, the alt 


tioned arjfing-in'the'Obſeivitions; Fn. 

ing into the bd Get ie Pfad gr 
_ and?'Bixed Stars, ars feat” and Wwithouc a”! 

which if there'by ted the other Errors, tho mi 


that may be in the val; Equations: and A owances 
 teduced from the belt Theories, it will e e : 
rele How: the” Tine, a 3 85 e 1 
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2% - INTRODUCTION, &ec. 
Koji Of Deceptions in Hadley's Sextant. 
: Amen, it therefore follows, thata Minute of a Degree 
on the Arch of the Sexrant is nearly a thirty third Fart 
of the tenth of an Inch when the Radius is a Foot; and 
neurly a twentieth Fart of the Tenth of an Inch when 
the Radius is 18 Inches; the Smallaeſs of which Parts, 
render} them ſome what difficult to be diſtinguiſhed, 
: although the Vernier or Nonius Diviſion be adapted for 
making them legible. But notwithſtanding this. when 
the Diviſions are cur fne and in the moſt correct Man- 
ner. and the ſtricted attention is employed in reading 
them, 1. may de judged of te near a quarter of a 
be mer a Degree; 5 5 6 ſuch Diviſions are rarely to 
be met with; Fen x to be able th judgecto half a Minitte | 
a Foot Sextant and to a third Patt f a Minute in 
3 428 Inch Sextant is:the: beſt chat ean be — 
_ . ordinary Practice by the beſt inſtruments and Obſetvers. 
_ £7 4oth. On account of theſe Limits, 10 Seconds of 
2 Degree are not to be diſcerned-on- the Arch of che 


Inſtrument however accurately jt is divided, and this 


alone will produce an Error of 5 Miles in Longitude a 
the Equinoctial; but if 20 Seconds be admitted for 
ſuch am Error in reading, the Error in Longitude = W 
de 10 Miles at the Equinoctialz and this only throug 
an Overſight or Error in reading the Diſtatice of «þ the 
Sun and Moon, when it hath been obſerved; A ſecond 
Error to the ſame Amount, may ariſe in ſetting che Be · 
ginning of the Inden to the Beginning of che Sextant; 
er. pk Foe Error of the-ſame'Quanzity, byan imperfect 
Junction of the Object as formed on thequickfilvered 
and — © Glaſſea. If theſe — Errors only 
amount to but 10 Seconds each, the whole is half a 


Minute of a Degree ; this may be the Caſe and each of 


the three Errors, with the greateſt Diffieulty (Hat al 
eived by the Senſes. This Etro, in taking the 
's Diſtance from the Sun or a Zodiseal Star, will 


| hes 15 Miles at the Equinoctial. If esch oftheſe Errors is 
20 Seconds, the Dre of Longitude will be 30 Miles: 
| Theſe are but a few amongſt the many ſmall Errots 

chat Ty an in the n ee and 
218 App * 
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ing tobe a temarkablef Sn. 9710 
| 75, Mehr. ſet u e b e 
mene at the Diſtange opfert HN rah wahergi andy 
adjuſted them as accorately a1 poſſible Brine I. „„ 
9 ORR! VARY WE ne 1 
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IN PRODVTTHORE . 


ee 7 this1:vialuabtdicinfmamens, e 
Patt lof⸗ which) mai: he ſcarce Giſtr tand by th Sen ſes, 


and theosfare; uhey Hojifrequenthncontcogathenand s 


make am Rrrnr which i conſiderabliesd Fun sHDthe Iſtran 


meat! beiſo framed a5: yield ain anf ek tromelꝭt hat 


cold Chimate; 4f thereiberaity Erierinotber Diviidnss: 
any bſnalcb at the Ventreiſ at Gleſſea ve unt f arallat 


Nlahes g and ifithey ate ent atirough)Actideny; if ther, 


are:-Wot5enaQtlycadjuſted; 56 the Eci not ati che Prot. 
pen Place 3 Bil 
Place uns the iſm 


8 eee ofthe Sun 
or Moan be ämperfectiꝝic | 


tot r 1 io Seconds cf a Megre eee nf f which: 


Err6r-vilkambun$ re-goſNaunical Miles n= dt is 
tremehy hard te detennijntihaws many of theſe maybe 


ni; Obſervationi.! Stad J 1noon0 n j,, 


„ ibn Tt pe Chun If atcberaro lf «= 
41 fl. OF all [the Inftyimenss has, hae been inzen-; | 
ted for Keeping Eqadt Pim cnogerhazaihgeg found 


anſwer ſo well as the:Peagulym Clock f 


the; 
ſmall Watch! for Seas; Eli Pecfaction ohne Glock) 
depends almoſt. whpHy ON Chef Irish len State / pf, it S 
Pendolum. Ahe ocher; Nas os the. Mpehins aging-prone = 


perly made according; to Art3:this © ars war 


from Experiments, aon whichy A tak 


the:Endof 


Venn 


Time, and fo! they wens one 
other times th. other, ilk the Beginoing pf dhe Kean 


1776, when/+thergrean Hrn 1s inaccompatiediwithi; 
deep Snow, zhe Thermometer gn . | 


low freezing len time, and, nher: 


as intenſe as it: had been in: Lob abe ide f, 


then hing. L ehntinned 5 gepdjultchaClocks after hd. 


Froſt began hopeing 10 ew, Mexidjan Alutudes'T 
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avarenetiunted a the proper; 
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„ INTRODUCTION, tc. 
7 gb ' Of Time kept by Glocks and Watches. 
but could take none; and finding; the 1 


5 regulated hat they began to keep together, I — 


 howlongthat happened, and founditg Days that the Beats 
of the one agreed with the Beatsof the other, without dif- 
fering any Part of a Second of time diſtinguiſhable by 
the Ear. Before the Froſt ended, the Beats began to 
differ; and à Day after that, the Therme role a 

little, and then came on the Thaw, | Whilſt the Clecks 5 


went on beating together, I conqlude their Pendulums 


were frozen and thereby incapable. of lengthening 
through Heat or ſhortning t Cold; and that the 
other ObſtreQions-amongſt;the Wheels were hut ſmall 
warifon with the Effects of Heat or Cold. Theſe 
were 5 ndulums fixed by Nature to the dame time of 
Vibration, Gridiron Pendulums are artificial ones inten· 
ded for the ſame Purpoſe, andpreveryefficaciovsforkeep- 
ing the Centre of Oſcillation Of the Fendulumat the ſame 
| Diſtance from the Centte of Motion: but in cher Pen- 
dulums, were this Proviſion is wanting, the Irregula- 
rities wil be greater, but ſeldom ſo much as cannot be 
ali, diſcovered by. frequetnGotapariſions wick obſerv- 
+ Meridian Tranſits of the Sun and Se ee hee, 
42d. As the Pendulum Clock is che beſt: Time 
Apes on Land ſo is the Pocket Watch. of great 
Ute at Sea, when made in the beſt manner, and it is 
carefully kept in the Pocket under nearly the ſame 
Degree of Heat. Tbe better Sort of Watches beat 
near; 198000 Beats in an Hur, or 300 Beats in a Minute, 
or 5 Beats nearly in 1 Second ot Time: this is. nearly 
that mall Portion of: Time, to leſs than which (as hath 
been before concluded) it is. uncertain t align, the 

"Ion of an Aſtronomical Obſervation. 

XIII. OF Longitade by: Help of Pocket Halben war 0 
43d. The Uſe of the Watch is to keep a Certain 
15 of Equal Time truly, whether it be long or ſhort: 


and to ſhew the intermediate Subdiviſions bythe Minute 
and Second Hands s this Time may be either Siderial 
or Mean Solar Time, but the latter is beſt, being moſt 
5 ee converted into o Solar N N RO 9 Qbſcr- 
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leaſt; otherwiſe Weſt. Thus 1. 


f _ 2 


Of. Longitude iy Helh ef Pocket Matches. 


vation is reckoned. Here, the appabend Revolution of 
the Heavens is 24 Hours of Time, - therefore. a Degree 


of Longitude is 4 Minutes of Fime, 4 Migute of Lon» 
gitude 4 Seconds of Time: alſo, a Minute of Time is 
15 Minutes of Longitude, and a Second era is. oY 


ee eee bi; ee 


44th» Conſequently, e when: -they ; (keep. 
Tine truly, may be applied in finding he Eongitude 


either by Land or Sea. For Inſtance, 45 oh a Wach 


be ſet to Mean Solar Pime for: any Meridian from which 
a Peiſon departs, whilſt it . Time trulys it wil 
ſhew' the! Time of Day or Night fot that Meridian, 


although it be removed to any other Meridian, and t 


Reduction to Solar Time is eaſily mad he Eds, 
tion Table but the Solar Time ar the Flace removed 


to is eaſily found by Obſetvation, and abis compared 


wirh that inferred by the going of the Watch; turned 
into Degrees, gives Pit di fromthe Place Fe 
moved from; Eaſt when the Time by the Watch i is 


to: x80- Degrees: both Rast and Weitz damned 


quite round the Earth's Sober. 
--45th.': The fame: Method is t beobſcrved, 5 75 A 


Spring Clock or any other Time Keeper .be.nſed; bur 
ir is ta be noted, that if thert he any Error in the going = 
of ſuch a Machine Saber quicker or ies: than Truck” 
or the gaining or loſing be .nor-knownz;;the:Conclafion = 
wilk beuerrontous; and therefore, in che Uſe of ſuch 
Machines, the greateſt and moſt conſtant Care ſhould 


de balken io diſcvver their Imperfestioas, and the Effex 
of any Accidenis they 
the Longitade found by their Uſe may be uncertain. ry 


may be ſubject to; otherwiſe, 
XIV. Of be Man's Place obſerved at Seu. 


Adôth. By che Moon's Place is here meant; her Phy 


gitude or Situation in the Ecliptic as:viewed-from the 
Earth, Which Place (as hath been before noted) ſhe is 
continually receding from, nearly in the Ditection of 


— 


[ 


_rhe-Ecliptic; from Weſt to Eaſt, amonglt the Fixed 
NN The Inftrument Y which: DRY Place s 
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85 INTRODUCTION, e 
e Of the Aua Place obſerved at Sta. 


now. Gn taken, is the Sextant e vefore + 


| : dJaaeſcribed, and this is effected by bringing the Moon's 
5 + enlightned. Limb either to a Junction with the Sun; or 


with-the. Centre of a Zodiacal Star. In the Obferum- 1 
you; by Day, the;Suns: neareſt Limb is brought to the 5 


. 5 1 5 n's neareſt; Limb; but by Night, the Moon's near- 


eſt, or. -remoje:Lamb;is:brought to the Star, and Addi- 

tion being made of che Sun's Semidiameter, and either 
Addition or Subtraction being. made of the Moons 

Semidiameter, givaz nearly what would be the obſerved 


Diſtances of the Centres, could that be taken. In the 
233 of this Obſetyvation eithen by Sea or Land, the 
reare 


P 10 tauch each other as exactly as poſſible, and 
2 nt! on ehe right; P; 

the ment; becauſe an Error of a Minutes of a 

E in oy Distance, Will (in Application to the 
ongitude by the: Moon's Place) pr 


nient, may not be leſs than ng Seconds of a Degree and 


nearly as much Error may ariſe concerning the Junc- 
tion of the Limbs: of the Sun and Moon or:Mooniand | 
FP . when t ; Qbſervations is made under the moſt 


EE: favourable. Grown! ie ththe beſt Inſtruments and 

J moltacuteQblervers, Thelſetogetherwould make 
an Error. of 15 Miles in Longitude at the Equi 
I hae found. by many en 


Diameter wich the Inſtrument, but not without ex po- 
bing my Eye and kee eping, up ſuch an Attention for 
Judgment, as is by nd Means to be recommended to 
or expect from Obſervers in general; hd may find it 


5 1 ſomewhat difficult to obſerve and road to a Minute ofa 
3 os Degree, which: will produee: o ErrorofgoMilesin Lon- 


gitude at the Equino& ial. But frequently the Junction 
1 Ff theſe Errors will 0 ie Ae 8 
1 erat EONS. 1 


* 


e 7 5 | 5 8 11 , ah, N 


| Cate and Diligence ſhould: be employed the 
Iaſtrument adjuſted as correctly as poſſible, the Limbs | 


t of the Little Mirror of 
oduce an Error of 


60 Miles at che Equinoctial and in Froportion for Jefler 
1 rrors. N by uncettainty in reading the Inftru- 


WH | 5 | ful Obſervations, 3 ) 
1 5 "Accuracy: can be attained. to, by meaſuring the Sun's 


* 
< ; 
oh ‚ RRR 


INTRODUCTION, &. 
Of tbe Mom Plate obſerved'at Ses. 
"We at The Moon's Diſtance being thus taken, either 
from the Sun or a Zodiacal Star, lier Longitude near 
the: Eeliptic is determined ſome what near the Truth, 
becauſe the Bongitude of the Sun or of the Star is. 
Eknoun at the ſame time. This Place: is not cor 
. determined becauſe the Sun may be affected by Reffac- 
: tion, and a little by Parallax in Altitude; but the 
4 Moon may not only be affected by Refraction, but very * 
much by Parallax in Alritude ; 'and-both 6f cheſe mult. 
be allowed for, before the true Diſtance of Centres can 
beknown; ! e oe of YI D174 20 "6 o® | 1 
Ariete wed. nt XV. Of Weben in Altitude =: = Dy 
|  :48the : When 4 Ray of Light colon" 5 win! 5 
1 1 and paſſeth through à Medium chat ids = - 
equal Denſity every where; the Ray proceeds forward 
in a 2 Line ad i, or ti a A ir the | 


2 'T be — — 15 Earth — 

Sea (the principal Part of which reaches to «tic Heighe 
8 of 30 Miles) — muſt neceſſarily be more 
| - denſe/atBotromthan'at:Fop, on tuo Accountz; firlt; © - 
: becnuſe the upper Parts 'preſs on the lower by Weir 
J Weight and thereby condenſe them; ſecohdly, becauſe 1 8 
. the groſſer and more weighty Particles Sine Rt.. 
2 Phere compoſed of E ir anti groſs Vapours, Ho of Courſe 
8 deſcend⸗ ——.— 1 ror — eee 
's coming wm Sun a ng Amoſ- 
> | phereq+ in any other than à Perpendicular Direction, 
Ir 
0 
it 
a 


— 


muſt paſs through a: Curve which isconcavetoward the 
Earthz:this: Efe i greater when it comes horizontally 
from either the Sun, Moon or Stars, and at the Zenich 


a it diminiſhes: to Nothing. From this Cauſe, Refs _ 7 
n- 2 in Altitude ariſeth, its Quantity near: the! Horizon - 1 
on 1 Minutes in Summer and 3 35 Minutes in Winter 4 
- . l nee ar other Fance Near the 4 
Vie ; . a7 f 11272 be * f * l bn 3 4 n hs 6-74 Fab cee ; C 


= HOG CE ART a 
| Of Refraftion-ivi Altitude. 

il it has been found 25 beine burmuch 

greater in high Latitudes toward the Pole. 

. 49th. - Le z be the Place of a Spectator dies 
Earth; zr an Arch of the Top of the Atmoſphere,” 4 
the higher and e the lower Poli of the Sun's Diameter, 
F the Place where a Ray of Light coming from 4. 

enters the Atmoſphere, and ꝝ were another enters it 
ooming from e; then will d appear at þ and e at i r= | 

. the Sun's real Diameter de will appear to be bi, in which 

_ Caſe, i is refracted more than ; and therefore near 

the Horizon, the Sun or Moon's Centre will be refract. 

ed near 4 Minutes of a Degite more than the upper 

Limb; which in taking the Diſtance of the Sun and 

Moon or of Moon; and Star, when they are in or near 

the ſame vertical Eirele, may produce an Error in Lon=. 

| 33 near 120 Miles. But this eee 
diminiſned to 4 Miles in Althudes not encgeding 1 
Degrees, and in greater Altitut it will ne 

. andir- the Zenith nothing. dy rs a ae pix; 

- Both. If chere be no other but this Vertical Kinde 
Refradtion 1 (as is the general Opinion) and the REe· 
fraction for rhe upper Eimb'be taken for that of the 

Dentre the Piſtance of Centres wil thereby b 

neous 4 Seconds of a Degree as high as 15 

Altitude, and under it more, but aboue les) and three 
_ mes that Quantity of Error is hardly to beipreceived 
min Practice eicher un the Inſtrument or in the Heavens. 
Therefore Corrections to à ſmall Part of a Second for 
Refraction, or even to a few whole Seconds themſelves; 
when! theytembarras: the Calculation with Diffcuies, 
may be Weglesed. When the Sun ant Moon have qu, 
Alricudes; und are both near to each other and; to the 
Horizon; the Refraction of their Centres will beiequal 
to that of their Limbs; becauſe, in that Situation, æheir 

Centres and the Points in the Limbs to be joined by 

_ " the Sextant, have the ſame Altitude 3\confequently;/when 
che Lüminaries have ſuch! Equal Altitudes, their Diſtan - 
bes are leaſt affected by feefraction: But whenthey are in 


che lame vertical N W is 1 1 8 Part 3 F 
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and no conſiderable Error. can. ariſe from Refraction, 
by taking the Reftaction of the Limbs for that wh * 
Cant. under theſe Circumſtan ces. 2 


I'S 


\ 


f * in ted 

1 ee Practice, ariſes from the Ds "Oy 

2 = Refraction of. the Centre andithe upper Limb 
of the Laminsty which is lowermoſt in that vertical 

Circle, which ar the Altitude of 10, Degrees, for dhe 

Sun and Moon; is but 7 or 8 Seconds of a Degree, and 

that is imperceptible. When a Star is lowermaſt in 

that vertical Circle this, Error Wholly vaniſhes ; and 

| therefore, in greater Altitudes, this Effect will be leſs, 


Ed, XVI. Of tbe Moon's. Parallax in Altitude. ; 44 93 e 
gift. The Moon's Parallax in Altitude isthe i. „ 
br which ſhe i is elevated above the true Horizon, when | 
dhe is in the apparent-or-viſible Horizon of the Place 
of Obſervation +. and this Angle, generally, is more 
than 54 Minutes of a Degree, when the Moon is moſt 
remote from the Earth, and leſs than 62 Mioutes, ather 
_ neareſt; Approach to the Earth; and according to all 
the intermediate horizontal Parallaxes, fo. will A | 
+ Zontal Diameter be proputioned, from the Apogee to 
che Perigee of her Orbit. For Inſtance, if by Ober. 
vation and Computation, when the Moon's horizontal © +. | 
\ Parallax. is 61m. 158. her horizontal Diameter mea 
ſures 33m. 288. aud again, when her horizontal Paral- | 
lax. is gam. 138, her horizontal Diameter meaſures © 
29m. 338. . when her A Parallax i W 
her horizontal Diameter will meaſure 3m. 168. For 
as the Moon's horizontal Parallax i is enlarged . 
negreſt Approach to the Farth, ſo is her Diameter en 
latged as viewed from the Earth, byabe. ſame; Cauſe. 
Hence the Men's horizontal Diameter aud her hori- „ 
z0ntal Parallax become a little different from each  ' 7 
other, at the Noon of every Day; and: becauſe be 
Mepn is nearer to an Obſerver on the Earth's Sorkin, | 
when ſhe is elevated than when the i is in the- | 


at any Altitude, her Diameter; meaſures a little — - 

2 her ee Diameter at the lame Piſtance from | 
Wee 1 00 en 0879, l at TAS, 5 Go 80 + 73 = 

A N „ x Ihe 1 FEES 329. 7 2 
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32 _' INTRODUCTION, e. 
- Of the Moon . Parallas in Altitude, + 


52d. If a be the Earth's Centre, b the Zenith, ca 


Place on the Earth's Surface in the Line ab, ad the 
true Horizon paſſing through the Earth's Centre, e the 


Moon, the Angle Bae her true Coaltitude as ſeen from 


the Earth's Centre, and the Angle bee her obſerved 


Coaltitude as ſeen from the Earth's Surface, then is the 


Angle at e the Difference of thoſe Angles, and as ae to 
ac, ſo is Radius to Sine of the Angle e. Therefore, 
as Radius to Coſine of the Moon's obſerved Altitude, 
{ſo is her horizontal Parallax, to her Parallax in Alti- 


tude, And as Guſine of her Altitude to Radius; ſo is 


% 


the Difference between her Diameters as they meaſure 


reſpectively in the Zenith and Horizon, to the Quan- 
tity whereby the horizontal Diameter is augmented at 
that Altitude. By theſe Proportions, x Table may be 
| formed not only of the Moon's Parallax in Altitude; 
bur alſo of the Number of Seconds ofa Degree, whereby 
the horizontal Diameter is to be augmented, ſo that 


her Diameter may agree with Obſervations; theſe are 
called ſmall Parts for the Moon's eee THE their 1 


halfs for her Semidiameter in Altitude,” - 


XVII. O/ the" true Diftance of bun and Moon's Chir f 
53d. By the true Diſtance of the Sun and Moon's 


Cees is here meant, the Degrees, Minutes and Se. 


conds of a great Circle in the Heavens, which would 
appear to join their Centres, could an Obſervation be 


made by a Perſon at the Centre of the Earth; this will 


be a little different from that Arch of a gteat Circle, 


which appears to join thoſe Centres, to a Perſon on the 
' Earth's: Surface; and their Difference is called the Ef- 
fect of Parallax in Diſtance. //In Order to the better 
underſtanding of this moſt neceſfary and uſeful Correc- 
| tion, and get the true Diſtance of the Centres, it is pro- 


per to conſider the Effects of Refraction and Parallax 


as they together produce an Error in the Diſtance of 
the Centres. But firſt it is proper to rare the Ef- 
fect of the ſpheroidal Figure of the EartL. 
54th.” When an Obſerver bath taken he Attitudes 
| of the Suns lower Limb, and added thereto the Semi. 


diameter 


—— 


Seren e 


2 \ 
1 ATV 


1 bobine 1 „ 5 : 


N ue uur Diſtance af Sun and Moon's Centres, 
diameter, hut ſubtracted Dip bor the Elevation ofhis 
Eye: above the Horizon of the Sea, he commonly ſub-— 
—_ alſo the Refraction in Akitude and then con- 
cludes the Remainder is the true Altitude; and a 
like for the Moon or- atari but chat this is not corr 


the Cale, may ibe ſeen in either my Frestiſe of are * 0 = ; 


nomy or. Navigation.” The. Error hereby e e eee 
little Bffe&t in the Quantity of either Refraction or 
Parallax chen they are xhe only Things wanted, and 
therefore, in uſualCaſes, this Correction may. be nag. 
lected as inconſiderahle. And ſecein 
zontal Refraction is but a little mare | 
zontah Parallax, and upward the Refrattion-in Altitude 
decreaſeth i in ubs W antity much. faſter than che Parallax, 
in Altitude, their Difference will he, the Moons Bl 
vation in a vertical. Circle, to bring her the Altude 
the.wauld: be viewed from the- Crone of ab: 
Earth „u lo the Suns Parallax in Alutude Lai Run 
horizontal Patallax be Seconds) it will be but d Sc⸗ 
conds at 0 Degrees Altitude: 14 Seconds at 35-Degrees- 
Altitude; 6 Seconds. at 5356 635 ee ee 9 %n6 | 
omg the Suns Parallax in Altitude will, not on be | 
ery mall and-inconſiderable, butal 


Sch. From theſe: 
eie of ſolving ghis Problem, chus. Let ab be an 


Arch of the Horizen, c the Zenith, ad the Alti 2 | 


2 of che Sun's Centre cleared from Semidiametet 5 
and Dip of Horison, be the Altitude of the Moons 
Centie cleated from Semidiameter and Dip of = tug 
and becauſe Retrastion apparenely elevates, but Parallaæ | 
in Altitude apparently depteſſeth the Son and N #2 
let Ef be the Difference betwern the Refraction and 
Parallaa of che Sun, and eg that of the Moon; ſo will 
de be the obſerved Diſtanct of the Centres, and er, 
. etl ona te 5 eee 8 
561 n the obli angled ical Trian 
ed being the Sun's. — ce the. Moobe's n 
rude, and dere obſerved Diſtance of che Centres, find 
he ö ede and 8 by of the uſual Spherical 


Feten 


1 


alain Altitude, and vaniſhing wah ie e Zenith, „„ 
Conſiderations; areaſy:Method. 15 8 2 : 


that, he bert. - : 5 
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INTRODUCTION, &e; 


| 5 5 5 2 5 Of the true Diſtance of dun and Moon's Centres, 1 55 


Tneorems; make FR on" and gi Per- 
pendicular to de. The Cirtumſtances attending this 
Problem are theſe the two Co- altitudes are each of 
them always leſs than go Degrees, and the Diſtance ſel- 
dom leſs than 20 Degrees, but never exceeding 120 
Degrees. At 8 Degrees Altitude there may be a Change 
of the Quantity of Refraction from Summer to Winter 
of half à Minute of a Degree, which may be precepti- 
ble to the Eye of the Obſerver and legible on the Sex- 
tant; at 20 Degrees Altitude, this Effect becomes 
doubtiful, being but half that Quantity; F will always 
be lower than d becauſe Refiaction elevates but Paral- 


las depreſſeth. and the Refraction is always greater 


khan the Sun's Parallax in Altitude; but g will behigher 


1 * ; 


her Parallax: in Altitude; hen d is not leſs than 8 or 
10 Degrees Altitude, df will but litelg ge 


A8 or 6 


2 


Minutes of a Degree, therefore the Angle f will be very 


* 


nearlyequal to the Angle ede in greater Alurgdes, and one 
may be taken for he other without perceptible Error in 


1 


many practical Caſes: the Angle ced is correctly found by 


ſuppoſed Reftaction and Parallax: the hide Triangles ofb 
ada nd gei are inſenſibly different from Right Angled Plane 
Triangles, whoſe Sides are Right Lines and. Angles 
Plane Angles ; the Spherial Angle gfe is inſenſibly dif-. 
ferent from che Plane Angle dfb, and the Spherial An- 
ggle dec inſenſibly different from the Plane Angle; ge; 
ge be omes a Maximum or the longeſt that it can be 
when e is between the Limits of 10 and a0 Degrees Alti- 
tude, and even then amounts to hut 32 Minutes of a 
Degree; at the Horizon it amounts to but half that 
Quantity near the Equinoctial, and above 20 Degrees 
Altitude it diminiſhes to Nothing in the Zenith ; fh is 
ſttzhe Coſine of the Angle f to the Radius df ; ei is the 
Coſine of the Angle eto the Radius; ges 4 is very nearly 
equal 0, gh for theſe are nearly equal to each other, 
namely dg. and &, becauſe ęi is always ſmall being 
; nts on Re xs on O's corn Iman 
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1. INT R oO N ton, e | » EP one 
Of the true Diftanc# of Sun and Moon's Cores 8 1  l 
ſmall; being compared with gb, thefore di and gb bee. 
come very nearly equal. Hence, when the Angles e 55 W 

and F are acute, that is leſs than god. ei is ſubductive anti „ 

fb additive, to get the true Diſtance of the Cent tes 

but if the Angles ate other wiſe, a contrary Effect takes 3 

a Place, that is Addition is uſed inſtead of Subtractio n 
5B tRk. If wifarther Correction be required, byůj ſo 8 
rinks as dy exceeds di, wilt e be too much; and by ſo 


- 
we, 


$7.3, 2 


much as dg exceeds gb, will b be co much, but uk 
a final Correction will ſeldom be wanted, enen 


Diſtance be ſmall and the Moon's Altitude between 10 x 
and 20 Degrees, whereby ge becomes a Maximum 3 
many other Caſes, the true Diſtance of Centres . 4 7 1 : 4 
; nearly: comes out without C mind} nol 
| - 58th. Bur this Method: extends: farther; in joining N Np, 


1 the Sun and Moon's Limbs by the Sextant, the Ns A OM 4 
: Diſtance of Centres is nor ſtrictly tobe inferred from _ e 


this Correction and the Addition of their correct Semi- 85 5 SY 
WU diameters, except” the Altitudes:are equal. Ler ebe . el 
dhe Zenith, the Sun's Centre, e che Moon's, en 


meier Alritudes are equal; join rheir Limbs by the Ser. 35 
tant in the Points u and e, and the Effect of Refra@tioin - 5 by 1 9 
| and: ee frm Altitude will be che ſame as at he GIN 
3 Centres. e ſuppoſing and g the Points im tine 3 9 Co 
s Lid Thich) es) {0 Joiner and þ the Moon's Centre the 8 3 
Refraction and Parallas at Fand g (Which are the Points 5 ny 


- obſerved) will differ from that at ö and b. Make . 
= | Perpendicular to bk; then is af the true Co-altitude c 5 „ 
e the Point 7, and g t that of f. Aud becauſe the An. s - RE _ 
- gles abb and abb are Spherical Ones and ene e 
a the Angles "fbd and bl are Plane Angles of the pore Ne 55 3 
uantities to the Radii of the Sun and Moon; make 80 N | 
" and gu each Parallel to the Horizon; 56 will zn be 
vo the Coſine of the Angle Im to the Radius 5 and 
E zn the Coſine of the Angle kg (or ab its; Sup „„ 
y ment) to the Radius gb; and This will give the Feine 5 CN Bo geo Sl 
r, m and 1 in the vertical Cireles, from which che cer? „„ 
g || refed Refraction and Parallax in Altitude is tõ be beck! e 
ry oned, In this Caſe, the-xwo'Co-altitudes am and a or * 1 5 0 ll 
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INTRODUCTION; ae... 
. Of the true Diftance of San and Moon's. Centre. 
tdtñance of the Limbs, are to be worked for, to find the 
= E8-& of Parallax in Diſtance; and then. the Sun and 
Mioon's corrected Semidiameters are to be pſtorgrh, 70. 
1 get the true Diſtance of Centres. 11 
= Fo Soth. From the fame; ad e an . 
Młithod of making the Obfervation, ſo that the whole 
3 5 Calculation may a made for the ttue Diſtance of the 
RG Centres At: once. For ſince the Diſtance-of the Limbs 
= OS, had as accurately as it can be taken with the Sextant, 
bat Side of the Triangle is always certain apd given. 
_— Hut for the other Sides, if the Refractions for the Points 
EE: 1 of Contact were taken for thoſe of the Centres of — 
A 5 and Moon, at the Altitude of 10 Degrees, the 
15 8 : 15 Difference would be but 3 Seconds of a Degree; and 
= a the“ Parallax in Altitude for the Centre, would exceed 


. TY khat fer the Moon's upper Limb (at that ſame Ai. 
„ 0 d but 3 Seconds of a Degree at 30 Degrees Alti- 


PEELED. tue, this Difference becomes 8 Seconds; ; at 30 De 
1 --grees it is 12 Seconds; at 70 Degrees it is 13 Seconds 
1 5 and near the Zenith it is 16 Seconds, Phe ae 
6 8 from Refractiofi of the Cen: re and the uppe 


15 = "ef Limb; in approaching toward the Zenith will be Nw 
hut ww expunge both of theſe Errges, obere the fel. 
8 ee Rules. \tſt- H the Lumigaries have nearly 
Sa Ee echbal Altitudes, the Refraction and Parallax in Alti- 


1 Ri tucde for their Centres will often be that for their Pains 
Rp RE. f Contact. 2d. If they ate op the ſame Side of che 


Lenith. that for the Contacts muſt be, for the Jowelt of 
1 SEL. ; Z them 6 Minutes of a Degree higher tian the Centte; 
Z but for the higheſt, 16 Minutes ſower than it's Gentre, 
3 Pe 5 za" It they are nearly 10 the ſame Meridian; but en 
3 2 different Sides of the zenlith, that for the Contacts 

1 5 "maſt be for 16 Minutes igher than the Centre of each 
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0 775 ny TION p Grit take a Vie and form a Judgment from that 
52 * P66rion;* how: many Minutes of a Degree the Point of 
1 85 Comatt at the Lümb of the one may be higher than its 
= ET Centre: ö ehe Poiat of Contact at the Limb of the other 
3 . ee e its e ee i Wenk Eres may Fe; ous NE: 


3 1 ot chem. Ath. If they ate in any other oblique Poſi- 
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Ado Difance of Sun end Moon: Centres. 3 


Quarter of che Semidiameter :: and having taken tbe 
two correſpondent; Co-altitudes, by them and the oh- . $2 


2 Diſtance of the Limbs, find che true Diſtance f 1 
he Limbs' cleared from Refraction - W's | 0 
eck add the Iwo. true 


gr * 4 : l * 18 4 os PET þ : BE: " . 7 
"2 CY ed N . 4 % 
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Soth. From det Fringigles RD that in ay 1. 1 
)bſervations: the Effect of Refraction and Parallox W 
| computed from the oblerves Diſtance of the Limbs © x. 7 ©: 
Lentſes, without ſen{ible | A $308 
K rror; and this Method is Kill. leſs imperfect W en & - by ce”, HE 

| Star is uſed inſtead: of the: Sun, becauſe. it hath no op- * 
44 parent Semidiameter. And if the whole of this Coo. 
rection be made, there is. another arifin} from — 5 == 
Earth's » Figure; a Eelegious, Horizon untqually. affefted © 

Ref raction and cumſtances net“ calily. d be 3 1 
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I on Error in either an Obſervation or 
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ö added a Vilible — of 1b ſame kind, it may 5 jad 92 „„ 
„ bes er ehe er ga ae 1 „„ 
| be deftiroyeds; and ihe Fa. 


8 
7 


9 
L 4 % 


py 
2 
os 
1 


— 


| . once Mn 

ching after Truth, MT to ag Rech a nh 8 N 
a third time, wbilſt the fame Attention is emp e 
And -therefare there is no Probability, chat A 
ſeveral ſuct 1 Qbicreation will deter mice the” 
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£" IN TRODUCTION, &ec; 
8 Ling ' Of @ Combination of Errors. © 
7 62d. e —_— Wes Errors happen, each of 
them may to either through Im 
fection of the Senſes, the Mind or n 
therefore, when two or more Obiervations or Computa- 
tions are made, and the Medium of them taken; the 
Truth is ſtill concealed, and an approach is made rather 
to what is taken for Truth, by imperfect Senſation or 
Judgment, and the Error is ſtill hid and undiſcovered. 
For Inſtance, if 1 meaſure the Sun's Semidiameter three 
times, and find it 15, 16 and 17 Minutes, whilſt 
through Imperfection either in Senſation, Judgment or 
the Inſtrument, each of the three meaſures is 15 Seconds 
more which cannot be diſcerned ;-the Medium will be 
15 Minuteg, but the Truth T5 Seconds more, here wilt 
| be 25 Error undiſcovered... Pg; 
6gd. Conſequently, in a mbinarich, 655 Bene, 
£ Truth. is fo concealed-that it never can be brought 
orth with Certainty by the uſual Method of taking a 
Medium; not the Truth itſelf, büt a Quantity which 
According to Probability, differs from the Truth b7 
ſuch a ſmall Difference as may be aſſignet!; and when 
that Probability hath been: admitted; there are other 
3 reſpecting the ſame Combination ants 15 
may take Effect, although leſs. favourable,: but it is 
quite uncertain when one or; the other of them: Will 
3 In taking their Medium: it is always e 
ſed that the plus and minus Quantities do hearl7 
Caunteract each other, which is contrary to this Doc -· 
trine. For, if by a Medium of one dett of Obſervations 
8 the Error by plus ag minus is nearly equal) 
e Truth is found within g Seconds of a'Degree; in a 
Coutſe of Exents i ir may be ex xpedted, that by another Sett 
© of Obſervations, the Truth may not be approached by a 
greater Quantity, ;. and ſometimes a conſiderable Part of 
the Errors of one kind only may ſo fall on one Side of 
© the Truth together. that the Medium may be very erro- 
neous although it be taken for neas the Truth er. © 4” 
NIX Of finding the Longitude at Ses. 
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© INTRODUCTION, &. 36. 
Of finding: the Longitude at Sÿaa 


the Lela at Sea may be diſcovered; aid Aae 
they are not all attended either with the ſame Exact- 
neſs. or Convenience, they have all been found r ' 
By and uſeful i in Navigation. APN EOS 
UL Method of finding Langitade at Sea: A 
Tue fi Method is 8 e as accurate an 25 e 


3 is fps, in K 1 ih: Time Joris * e 
Voyage, without erring 4 Minutes'of Time if the Ln... 
gitude is to be found thereby, or without an Brot o 

Nautical Miles at the Ec uinoctial- and in Proportion e 
for a greater or leſſer Error in Longitude ? 
| Method; it is beſt to ſet the Time Keeper to Men 
Solar Tine; for the Meridian of ſome Place fromwhich - 
dhe Ship fails, ang having found the Solar Time at the . 
Place where the Ship is come to, compare it wich ty 
FGolar Time for the ſame Inſtant as inferred from te 
Watch, and the Difference is the Longitude of the 8 ' (lf 4+ 
Ship in Time from the Place where the Wateh was ſe rr, 


5 5 


— 


— 


if it hach kept mean Solar Time during the W | i” WE 
ba =" Bat if ithas gained or loſt no more thana Secondof Time . © 142 
$4” per Day for a Month, the Error thereby will amountts * 
15 Miles in Longitude at the Equino@ial; and in Pro- 31 1 
55. portion for any greater or leſſer Error that may ariſe, _  *- 
. either in the Time Keeper or Judging: n in may! . 

n gained or loſt in that Interval. 5 

n Third Mat bad of finding Longitude! 42 days ; 


The: third Method'is by Help of an 7 RATS 
which the*Moon's Place (or what amounts to the ſame 
| "I zer rus. e . Tow the 1285 8 Z S 55 
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@ INTRODUCTION, se 
Nadel San, 25. ſuppoſedly viewed from 1 | I 


, he Fike 


: | Methods ſuce 


1 Magnetic Needle, 


| which 6 Gf Aftronomical.and. Phz 


Of Fuding the Longitude at \Sea. 


Centre) is ſet dowa for the Begianing of every Day, 
alſo for ſome equal Part af a Day, throughout the Year. 
To which muſt be added, firſt a cortect Method of ob- 


ſerving the Place of the Moon in the Heavens, to de. 
_ » termine the exact Salar Time at che Place for whichthe 


Preqickion is made; ſecondly, a correct Method of 


5; determining abe Solar Time at the Ship for che Ga 1 
into Degrees, PONG Ahe dam e ef che Ship Go A 
7 which the Place of the Moon was pre- 


Method, the Motions of the Celeſ. 


zent for enabling Men to compute its KEffect) being 
= the predicted Places of the gun, 


Field Stars, for Time to come, ane affodted with but” 
= wary {mall Exross, and therefore: renderithem:of Die in 
ttzeit Application" to che Longitude at Sea. But after 
Method, ſeueral ſmall Er 

rets wil unaweidably introduce themſelves into he 


all chat ean be done by this 


— 1which can never be Whally exterminatedz 


Bages, and when _ other mall Errors 


3 and to what ſuch Errors may amount 


that can be had are r 
Funrib Mos bad of as Ss tris; 
he fourth Method is e Variacion Charcs of vhs + 
N. yt FOI Eo 1440 
Pr Of. the e GN the faurt h-Method.. 
The Steps that have bern taken for bringing 
Waben eee 
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es is left to the judgmant of every zudlici | 4 


deus Perſon 30 determine, chat no ttention, Care or 
4 Ingoowity 1 0 ebe wanting, hen the moſt perfect a- 
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„ INTRODUGTION, &c. 
1 5 Perfection of Navigation, 


2d. The Determination of the Lon itude at = is 


| other Parts being already brought to a great Degree of 
Exactneſs; but, when this latter Part is compleat, the 
Navigator will know, ift, off what Courſe to ſail from 
one eo or 3 8 croſſing the Oceans and 
Seas wh erb em L d Lon- 
ane of the Pieces failed rey thy 89 firſt 


ſettled and dee "Df all che Caſes incident to this 
e Di 


3 ſuch 5 t iſtance wy be failed, the Depar- 
| th nd other Things which 
as called — bile! Log N 2 
independent 5 any Aſtronomical Obſervations. 2d. 
The Lamuſfes\anfl Loygitudds ef Faces, t& and from 
Which Ships ſail and near to which they paſs, will be 
- . known ſufficiently correct for tbe Uſe of Navigators. 
. 3d. Whenever the Ship hath been diverted from her 
Courſe by Winds, Weather, of other Acemlems, Me 


Navigator will be able to determine the Longitude as 
well as Latitude of the Place where the Ship is, and 


conſequently Me e iſt ange to, be failed to the 
e firſt of the 


defired Port. e three Parts hath already 
been largely written of.— The ſecond Part may be ac- 
curately and eaſily compleated by the Mechod e hich 1 
have delixered- inn a Freatiſen.ok. Raa Alrenomy, pub- 
liſhed near the End of the Lear 1774.— And the third 
of one Parts me be Site De Improved univerſally, and 
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Wen ide . Lat . 75 tice of 


füt of the Earth's ie . Fan It i my. 
confidered us being but 2 Mile differehe from 4 
Surface, YhAtreared a5 ſueb. The fourth js, applicab 3 
EW all" Piffaiices, Becauſe the Arch ef 2 
Gire the. — zer of the Sea doth not oh 
the'Rhpn The fifth is npt ovly. 1 92 5 


true; hut ei y eie for all 8 and Diſtances 
from the ober to the Poles, A elp of ; A 


Table 6 Parts calculated” 80 inciples | 
of this . all thoſe Caſes of Sali „either 
by the Conſtruction or 1 of Plan, 1 8 | 
which youldotherinſe require a diſſe Appl 5 
Curves or Spiral Line. | 15 | 
Atk. The Invention of this ih e Con ric * 
tion is commonly: attributed to Gerard. rt, A Native 7 
of Rupelmond in Flanders, ho in the Year 1550 pub- 
Wiſhed a Map of che World, che Degtees. 9 
were — in approac the Poles, anc 
in 1554 he publiſhed 7 me 
Kind; ter which, FA pi able other Maps con- 
rus on the like Principles; büt it appears chat thoſe 
ingenious! Geographers rather aimed at a Correction of 
the Geographical Bearings of Places, than reducing 
e Rhumb-lines to Rectilinear ones; and that Edward 
Wright, who ar the Age of 22 Yeats: Was admitted at © 
Cambridg 877 and _— in 1589 2anied the Right 
| Honourable the Earl of Suben it a Voyage to the 
3 Azores, was the original Inventor of s Chart, and 
that he publiſhed che Conſtruction of it in his Work, 
6 entitled, Crrtain Errars in Nawgatian detefied and cor- 
; reed in 1599. By which Work 3 . that 
in 1594, 1595, 1596, and 1597 with great | 
1 wie, ob! Los at N che 80 fticial Altitudes of 74 5 
Sun, and thereby determined the Obliquity of the 
5 Ess 8 28, * it had 7 found 90 Years before 
| . ä by 
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. Errors, in. Practical Navigation. 
by. we celebrated Nicholas Cyper ooriner of of. he 9 
true 8 ſtem of the World, whilſt A ien boch Li 
he Effet of Refraction and the Sanz 8 —. — 95 9 
e at Soar, Allitudes; 700 hut Mr. Wright, leaving 1 
e mee adopting th -Refraftions apd..Parallax 3 
the noble Ty cho Brah abe, Which were got gorxect, | 
3 Fell Fintp/an for: and made the Obliquity:of the = 
Ecliptic 2 31 30% Accordit "to. -Fhich | he formed hie 
Sola Tables, 1616.1 Foy Toon. after his Returñ 
f From | viſiting Lord Nep⸗ air in Scorland, firſt a es 4 8 f of 9 
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4s INTRO BUC TON, As. 


1 7 Difftoultl:s-in fudlag Longitude. 
e Chart, bender them almoſt un} 
vat to de applied, and after All, the . of 
— — muſt be Fur ſfed at- A8 A Re- 
F this Inconvemence, I have ſubſtiturec he Circle 
with ns Points and ' Subdiviſions, and allo with its 
Degrees, which may be applied in che ſüume Manner ay 
we former Lines, und haue mewn by Experiinetits, in 


m PraRtical Agronony, er 10 wenden He rer enn 
ariſe in this Practice. 

„ch, The Stability of tho Pulte e Celeliab-Bqua 

vor, and che alinolt Spherical Figure of the Earth, eva 

tho — 4 — % getermine Fa e er, at Sta to a 


ee of Aecurae 2 1 arg of = 
— 10 ruments phe Tet Mie If the [Syſtem of 
World were ſueh, chat a Celeſtial Body apparently 
novel! round and near de Equator, from Weſt to. NOT 


awhilb the Earth is moving round its Axis the fame Way, 
there would bean apparent Separation from the Sun 360 
| im a Day, and the Longizade near the Egui · 
ial would thereby be as * found, gs the 
may now be taken by Meridian Altitudes, 


| Bar the Moon's Receflion, even from the Fixed Stars, 


being nearly 14 Degrees in a Day, the Certamty with 


which the 3 at Sea may be taken by the Moon 
Recelfion, althoughit affords the largeſt Data for parrivg 


this Method into Practice, will be but little more than 


#24th Part of that with "hich the Latitude may be 
taken; and therefore, if the Maukitude of Circumſtances, 
Which tend to embarraſs the Problem, could be got over, 
there-would {till be us much [Difficulty to find the-Lon-" 
giude/at Sea by the Moon, without erring +50 Miles at 
me Gal, as in finding the Latitude without errin 
# Miles. This u the principal Cauſe why it ie, ſb e 
tremely difficult to rake the Longitude at Sea by tbe 


©. x 


Moons and why a greater Degree of "Accuracy may be , 


handy yoo 5 

pth. "The Variation of the Magneti Needle, or its 
3 'DellleQion: at the” ue Meridian 7 = 
1655 e ee 
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potlibie' ti draw the Variation-dings. 
when d began: to thin of laying. a 
| ing af parpetual and « accurate Yau 
19691 then I publiſhed . Pre ; 
nta Particulars u. ite] to 
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3* INTRODUCTION 
7 Fropertias f the Variation» Lines. . 
able Mathematicians and Narigators- In — 
thoſt Charts, the Prejudices which I had to overcome 
were ſo great as to exceed almoſt all Beliefʒ for Inſtance; 
near the North Coaſt of North America, where Dr. 
Hailey had gion 10M. Variation for 1700, and other 
Charts 14 W. Variation fof 174% and 20 W. Varia- 
tion for 1756 and which by the fame: Way of Reaſon« 
Theor might-have been ſuppoſed 26% W. in 1776 by my 
it Was at tlioſe Places no more: than a "Fonts | 
v Jahr Wen Two or three Obſervari ions, 
op thaſe extreme Parts, being applied: with the, Theo, if 
e have prevented any. 8 9 rr firſt Northern 
. but'-no- ſuch Obſervations) could theti be had} 
' and inſtead thereof a bad Obſervation, 'uſed infteaTof a 
2 biaſſed the Lines, and made them, in thoſe 
| 2 little different from the Theoty; as a Remedy 
0 which, I have made that Chart'anew,; whiolly from 
the Theory, and ha ve drawn the Atlantic Ocean quite 
through,” on the Tame Principles,” wo: be compared Sith 
Obſervations. . Pagano of 35 wee 
26th, The Impartial Hill not W te nt a g 
of this Kind perfected at once. Sir Tfaac Newrob's:D; 
Soveries concerning the Solar Syſtem, require many 
2 of the niceſt Kind to render them of Uſe in 
The Theory of Magnetiſm requires a far 
ee the Variation Charts may be ſo im- 
: ee a8 to be of great Utility to the Navigator; if 
Hot; ſo as to furniſh him with all that he wants. In the 
ler Methods of finding the Longitude at Sea, the 
Akon ariſe from latent Cauſes not eaſily to be pre- 
Weted, nor always to be accounted fot; in this Metliod, 
| Errors in che Variation Charts may -eaily be corrected 
ig das to undeceige tlie Navigator in all Parts where they 
| applicable for: -the::Longitude,''and/ where they are 
Hot; and from Miniature may be extended to any Scale 
whatſoever. ::Obſervations prove, and the Theory de- 
Wonſtrates, chat i in ſthe Midſt of thoſe vaſt Oceans the 
are ut for 9 h 


4 leſs 1dilurbod, by Tnequalities, x there, they; near ahe 
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| INTRODUCTION, tm: Cf 
Progreſs. :of .. this | 


Lands. 1 "aj he Di Roger, of a Method of fixing tn thou 
lands ts a BEV 1 umber of Marks, on/\the, | 
N ewing the Longitude, would have deſerved uo 


| Ui Regard : yet. hy much greater. 1 tion, 


vichour. E xpęncę, . is not 08 2 256 50 ing, 
ention but Enconragement,, . or; it 
in che late A& concerning the Longitude at's "ce 3 

FS The: 5 lemen ho have gramed me 1 5 


B. ſtance, Which I. Wanted to bring this Work: froms iu. 
Begin 


ginning to the State in, which it nom appears, 
thoſe \ in the Direfion of the Honggrabls, United. Ea Aſt 


Toda + Company 1 this; Near, and the So eee 


tlemen in the Direction, this 
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| AYE 4 par * o me deen dious. 
Serations 15 they; have made at Places ay 
Land... by. which the R. egularity of the agnetic tan | 
Has ben indi utably 8 in ſo ſhort a Time, Ka 
Which might re remained. doubtful; had-there: been 
only the Ship's Reckonings to be uſed; in their Te 
Their, Names ſhall beg Leaves ro mention 2 1580 | 
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e's 
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eee be Ul. 
; TRY | 


21h; In ths Coaſts in this W 
Ire b de ' Awthotitie that could be bad, not⸗ 
5 ſtandi 2 4 it may be füppoſed, that the Lbn- 
| Piles Are not yet dec Within 2 
Dope, 115 ver proper Obſervations. - ED Errors 
de very ton! eue in 'Maps" or Charts 
a large Scale; when” they can — Rowe v 


accurate he Topgraphieal Deſcfiptious e | 
this Redfon, "Thi nx enero 6 e he Ga . 


in the firſt Delinestiötis, but rred that tb 


fotüre Fübleation and Trap 


xve referred” 
oh of Work 5 vt 
Ide Anbtkher Advantage 25 5 e From hs DRE ET 
dovery of a Theory of the Viuinen . that the 3 is 
tion Nap mk my dor only de Arsen flom = few be | | 


mo 


ED cal be Tt the inte ſe 
E very iieonfiderable: © 


be "drain for Years paſt and 


ni this 8 hers t; 


cher for the Leaf B, an 
Ute Year betWeef A uh 
fear Nvtfber of Years _ x 
"hs" ng und by both" 


4 eto eh Chairs ug Well 

WM one Chat, Without much Er k, 10 
Tears. This is anoſher Advantage in the A Pee 

"Work; EOS it Win appear, 18. up 

tion e Variation is Either direct, fte : 

grade,” ahd fuch '6ther" Eiret es | 


de the" medium it 
B; whilſt they Are u 
other, the Medip 
[1 "Charts" A nnd , 


R "IF e. Magneti 8 em was fuch, hae 
ald de no Variation any Where, 0 Error ocufd ariſe 


— aten for Want of nd wing. its Quantity, 48 


before bferved. Wheref the Vartation-Int 

Wiirinde' fot 4 Jong Time Heallly the fame, — *. | 

ml! im Quantity, and zr the fate Time Spread” wi 120 
the Ocean, N the- fame 3 Wil 
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4 Variation Chart be Arwen fbr the Year A, And ihe 41 
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"ſor" the Tear G, "At 8 an: "the 


ſtances = 4 a * *. 
under the Regulation of its + of pes . 


„ 1 NIN 


3 5 derived | 


by the una! Method of Sailing. 3. To tup 


can be drawn by the I Las 05 by 
Biſtances „e Moon or Moon and Nama 
ſuppoſe that Method ec, whilft 3t'requires a | 
Knowledge of the Re alſo of the Lunar Theoi 


e ð / ee er re 


INT R ODIDC!/TION, kc: c. 5 -* 
| mers Longitude found. by. Variation. 1 
Abies Stn theis; this is their State at feveral' Placas 


nent the Lands, where they wilt not- give the Longi - 


tude. At the other Places where: they are either ſta- 
tionary, direct, or retrograde, running nearlh North = | 
South, and at the ſame 'Time: nearer: to each other, the 
Longitude is determinable by them. This latter is their 
State throughout a; gveat Fart of the Atlantic Ocean, 
and particularly the more central Parts, in which Ships 
loſe their Longitude, and do not find that Error until 
they come near to the Shores. But they are advan! 
} for: all the Ethiopic and Southern Ocean from 
the:Coaft of Africa Eaſtward, to rhe Coaſt of South 1 
America Weſtward. In the Indian Ocean, they are 
applicable for the Longitade from the Sonth Pave: 'of 
Africa Eaſtward; and North-Eaſt from the Eaſt 'Coalt 


brigade —— In the other 
r gents wth U and New rer g- they 


not applicable for the Longitudez/ and in the 


grout Bar 15 Bart of the Places wheze they are thus adapted 
n 


nee ſhews, it may be taken 


e nen Geng within a Degree or 60 Milos. + 


- 43th. From what hath been here delivered; 1. Val 


ration Charts of the non, be Necdle-accurately drawn 


are uſeful in Navi ae: the Errors. i 
occur in the Ship's: may be leſſened by them. 
g. Such eee. . can never be drawn 


8 


the niceſt Inſtruments aud Obſervers. 4. Ta ſuppe 
hey can be drawn by the Application of Time-kte 
is to ſuppoſe theſes will not err more cat Sex than wi 

1 been trying on Land, and chat they will keep 
at boch Places wichout Error. 5. A Theory df 

the Variation is diſcovered, by which, and a 0 Ob- 
ſervations; the Variatiomdiries: y be drawn more a- 

e n 1 a Multitude of Qbſervations and any other 
6 G 2 Method 


5  INTRODVCTION, '&ec. 
be Utility. of. Variation Chart.. 

Method whatſoever. 6. Variation Charts have: been 
drawn and publiſnhed by this Theory, and found to agree 
with Obſervations at: Iſlands in the Oceans: whoſe Lon- 
gitudes.chave been well aſcertaiaed. 7, They have 
been compared with the moſt accurate Obſervations that 
have been made at Sea by the other Methods, and have 
indicated Imperfections in thoſe Obſervations. 8. By the 
Theory; thoſe Charts may be drawn for Years to come, 
as well as for the preſent Time, and thereby be ready 
for Service at all Times, at an eaſy Expence. d. The 

Law of the Variation is ſuch, that in thoſe vaſt Oceans, 
at remote Diſtances from the Continents; the Variation- 
lines determine the Longitude; in which Places the 
Knowledge of the Longitude is moſt wanted, the ſhorter 
Diſtances to and from Places heing determinable by the 
Reckoning. 10. The Variation lines determine the 
Longitude at many Places near the Coaſts and Iſlands 
which are frequented in the maſt important Naviga- 
tions; but there are other Places where they do not; 
this is an Imperfection in the Method of finding the 
Longitude: by the Variation; but at thoſe Places the. 
Navigator cannot be deceived by an imperfect Know- 
ledge: of the Variation, if he has thoſe Charts. 11. 
The Opportunities af taking the Variation are as nu: 
merous as the Appearances of the Sun, a Circumſtance 
which is incident to no other Method but a Time: keeper. 
12. The Variation may; be taken when the Sun is neat 
the Horizon with peculiar Advantages, which the Lunar 
Method by Sun and Moon or Moon and Stars will not 
Admit of, without great Diſadvantages, through Uncer- 
tainty concerning the Horizontal Vapours; and the 
like may de ſaid for ſmall Altimdes, without loſing 
the Aſcendency in greater Altitudes to the Zenith. 
13. There are no-angelic Powers required in taking 
the Variation, nor any Thing more than what Navi- 
gators-are aceuſtomed to do, ſo that here is required no 
new Syſtem of Operations to learn, nor new Books or 
Inſtruments to be furniſhed with. 14. An Improve 
ment of the Variation Charts is manifeſtly; and by the 
1 7 univerſal 
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Type Utility of Variation Charts, 
univerſal Conſent of Men of the beſt Senſe in theſe: 
Affairs, of Utility in Navigation and te the Public. 
15. By accurate Variation Charts it may be known 
when the Celeſtial Bodies ate near the Meridian, front 
Which the Latitude may be inferred without accurate 
Meridian Altitudes or a Watch to keep the elapſed Times 
16, The Variation may be taken at all Times when 
other Obſervations can be made. Obſervations of the 
Variation with Compaſſes made in the uſual Manner 
| have, in many Caſes, already determined the - Longi- 
| tude: within half a Degree or 30 Miles. 17. If he 
 Variation-lines' were as advantageouſſy poſited at alt 
Places, as at many Places remote from Land, the 
Lonꝑitude might be determined by them within Half a 
Degres dr 30 Miles univerfally ; but as that is not 
the Caſe, if a confiderable'Allowance be made for their 
Deficiency, they determine Longitude in many Places; 
and improve Navigation in others, and therefore come 
Wichin the Encouragement offered by the late AQ of 


"16h: The Life of Man is ſhort, and Science is er- 
tenſive. Men 6f Penetration and Underſtanding have 
ſtudied one Age after another for a long Series of Time, 
ſo that real Improvements in Seienee ate but ſeldom to 
be met with, although the preſent State of the World 
is ſuch, that they are much wanted This is one; 
Which, a few. Yearsfince, no one'could have expected to 
ſee for many Tears to come. Envy ſhould therefore 
be ſilent, whilſt good Men by encouraging it become 
truly honourable. | The Deſignu add Endeavour is no 
leſs than to preſerve the Lives of thoſe who ate Adven- 
turers on the Ocean, for the Good of many, and the Pro- 
perties of others wh may be of the greateſt Conſequence 
amongſt Mankind. e 
17th. Charts properly conſtructed to leſſer and greater 
Scales, after Wright's Manner, will be of Uſe to Navi- 
pat ts, in indicating rbhe Courſe to be ſailed ffom one 
Brice to another, whether Diſtances be great or ſmall, 
Variation Charts of the Magnetic Needle, accurately 
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Uſe of Bln Charts, Ec... 


and properly drawn, will be of Uſe in allowing for che | 


Variatien. Both af theſe being applied at Sea, Will 
eable the: Navigator to purſue his Voyage in cloudy 


Weather, or when \no: Aſtronomical Obſervatlons can be 


made, with that Certainty which: otherwiſe he cannot 
ekt. IE is the Plan and Defign/of this Mork ta 


te ſuch,” N it will require fore Time | 


Topogfaphical-Peferiptions' er- 


ni placed thcome Errors in. 8 mn Hydro- 


graphical Deſineations erronequſly ſituated are. 1 


#eftians in Navigation, Blank Charts of Wright's Kind 


ane victyl far; the Ig ſertion / af ſuch Hands, Canes; or 


cher Places, ine! ingenions Navigator finds to bayt 
eorrettcd;;! hereby the Courſe and Diſtance to and from 


wem to othen Places will be hed with Certainty. The 
Longitude ef the Sbip being found by the Variation 
Charts, the Latitude and Longitude, of that, Place may 
be: readily. found in any of the de Wright's Charts, and 
thereby the Courſe and Diſtance to other Places readily 


known. To treat fully on this Part is to enter on the 


Subject of Navigation, to confidet:what are the proper 


Qbicryations' and Calculations,” and what are Fear 


eee Tb. wy 


Ach. in che intermediate . eee eee 
the ingenious Navigator fans = reat' Utility xoereG 
pondent Qbſfervatians' of Fehptes will be of, 


i obferved and compared with each other, as recom- 


ploy in my Pramical Aftronony. Aſtronomers have 


never defore:thought it poſſible to find the Longitude 


of a Place, either at Sea or on Land, eee 
Which I have there: mentioned; and qhe! Uſe of 
ſach Obſervstions is obvious. 1 remarkable: Lunar 

of. July zoth laſt way obſerved by me, with 
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10 edc migbt have been added from the! 


with ny former Charts, the Method of of Ante . ENS 85 


Variation; the Inſtruments uſed, und the Application 


the Charts, 6s follows; ttt (tn Hor ent gs oY. 5 : 


igthe The Inſtruments to be uſed are . 
Quadramt er Sexrant. © The Navigator ſbould Ulewiſe! 
have the Uſe of un Azitnuth Compaſs, which is to: be” 
applied fer determining on what Point of the 'Compaty, = 
in Degrees and Minutes, the Sun beurs at the m bg. 
of un Obſtrvatien. The. Quadrant is for taking dhe 
Eatitude of t Place n alſo the Altitude of the Sum 
when the tude is obſerved for 4 no great 1 
required in Either of theſe, nor that the Azimuth 5 
pals ſhould 5 — the * etic a of the Sun 
nearer than to e D A muck tote 


Attorney" may touliſpetted withy if EY 8 


bs: akin ticarly nregneh -of Time, am (the Me-. 
dium of ruem ſet dun for the Ober wütion. He bus 


non; dhe Variation Chaarti here deſeribed 5 u Tube of 
te Suns Deelinanom zg und, if he cheoſer u Obfer yes 
gitude by this Method in 'the tee 


thus: As the Coſitie ef the Tiaritude is 0 de me 
me- Detlinationf ſo is Radius to the Sine of the A 
tude: But when the! Atitnuth of thi Sun ie ee 
larger Proc ſd id ufd u fllW .]: The Goilativade, e 
GLO andthe Polar :Diſtddce; are!writfcaiuntder 
r, and the Half Sum ofichenitaktn;fromwhich 

the derer E being ſubrraRey, dee a . 
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Amplitude or Azimuth reſpectively is ax 8 Variation of 
are 110; well 
to Navigators, that it ſeems. ncedleſs to 


ſervations for the Latitude. e the Quantity 


vide; your en or Southwatdly. under. the. 

xeon! offt 

the in at Top or Bottom Will ſhew; the Degrees and, 
Parts of a Degree of: Las 
ſting. or Weſtings Thus way the grand Problem of 

the Longitude at Sea he ſolved within: the 

by the Charts, a vaſt Extent, athreugh 


k — through the Uncertainty which attends it, -and.- the 


ered at, if Ships are frequeatly; deceived/thereby: 


. Miles. Nor . chis all the. Uſe, of h 


Variation Chart; Hut it 

aut the Variation. of the 
Courſe, the Latitude and 1 
| ; nearly. known, the ner Ute of-which.is known 


it is daily applicable for taki 
Cor paſs to! be allowed in th 


ion Charts have; hitherto, been drawn, withou 
5 5 been applicable, or the Longitude, withi 
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| ah : 21. THEORY PR. © 


" Of the La ofthe Outs. 3 
Filing he Longicude.,; at Sea; alſo the 8 to 5 


5 it may be taken with the beſt Inſtruments and 


by the moſt expert Obſervers. It is neceſſary that the 
Nautical Obſerver ſhould be acquainted with theſe 
Things, that he be not deceived into an Expectaney of 
coming nearer- the Truth, than the many Difficulties 
which are to be overcome in the Theory and Practice 
will permit, it being certain, that each of the Methods. 
ape « and thaythe greareſt 


ee euliar m 5 
Atte ion and Care | e taken, are not wholly. 
ſafficitnc for femoving them. Under 12 Fee. > 


of the. humane Wes Pigs Obſervers will wiſely con- 
clude, that Navigation ; ſometimes receive Aſſiſ- 
tance from one Method and at other times by another. 
That the Longitude. found by the uſual method of 
Sali g is, pot always do be rejected becauſe it fre 
becbißtes erronechs in Pas, Voyages z but on 

traky, it is, for, ſhort Voyages, the molt general, and 
3 moſt perfect Method that ever will be diſcover- 
ed. That the Meth6d by. Time Keeper is good, but 


not ſo univerſal as is deſired, ſince me are many ſuch | 


175 7 3 Maghines that are eng Lo 3 62 up is perfect; 


d on the Contrary bly be of 
ere great Ule at 1-3 beſides: Rs of "9 ing correct 
Time during a long Voyage. That in the Lunar Me. 
thod, the Obſerver i is under the Neceſſity of entering 
into. Ihe minut Ices,...Ainangt: which, for 
want of finer Di cernment, the Mind concludes with 
VUncertainty; but at the-ſame Time, that this Method 
is founded on the Baſis of Nature, and is void of many 
1 which are tO bb, e 7.21 5 from many 
other Contrivances. Chi it th y the Magne- 


tic Variation ought not to be Lk whenever it can 


be applied; fecing \ is, by ar. ths eaſjeſt of all the 
Methods that have been invented; and beſides, is the. 
mot i, Addition, £.3bs, uſual Method of Sailing, and 
ongitude 1 1 theretrom, that can be 

named 3 and-alchou £1, there, be ſos 2 where it 


Ca 5 e 8 0 IP ne | 1. Sea Kran * 


Cats not belong to the Longitude at Sea itſeff. 


that of 
thods. But by the third and fourth Methods there 
will de no Want of the 'Lizard's'Longitode to infer 
that of Madeira; and the ke holds for other Places, 


fection, I have given ampf. 
n 2 1 the Reader may fee he ea- 
; 3 beſt 


4 * Ye tht eee if ihe 28 . 
Lunar Method may not be practicable for Ae en „ 
ing the proper 1 n burles, whilſt over many other Seas : 


the Lunar Methed canhot be practiſed for the ſame 


- Reaſon," But the'Magnetie Method miſs by: only a fin- 


gle Sight of the Sun. 47 WH 


. 65th! > But before eber of ths four Methods can Be : | 


led ar Ses with deſirable Succeſs,” the Lofgitudes 


8 al Places near the Sea Cœaſt (and particularly of Capes 


and' other Points of Land Whieh 3 toward the 
pes 5 mould be known, to ſuch eſs as Napi- 


requires v "becauſe; withobt this moſt neceſfary 


Fa eee none of the Merhods'of finding the Lon. 


gitude at Sea, can become of general Uſe, although 
For Inſtance,; if a Ship fails from London to che Liz 


ard and from thence to Madeira; but takes her De- 
parture from che Lizard by the firſt or ſecond Method, 


the Longitude of the Lizard muſt be known before 
Madeira can be inferred by either of thoſe Me- 


ſo chat in this, the Variation Chart is à8 Univefſal 48 
the Lunar Method, and the only Difference i is, 0 


much one {of vl: may be more or leſs accurate at _— 


the gien Otherwiſe, if te Longitude of the Coat 
be ſettled by the ſecond and third Methods Fee 85 
and the Longitude found by the going of a Time 


Keeper, ' and obſerved Diſtances of the Son and Moon _ 
or Moon and Stars be noted to agree with each other, 
chere is no abſolüte Certaimy that the Watch hath kepc 
to equal Time; nor thar the Lunar Method is more eka 
than the Imperfection attending it may make either erro- . * 

neous or doubtful z and therefore, this may want Toch | 
other Corre&ion as is to be had from Obſervations on 
Landy by Methods more perfect than thoſe N N 8 
Sen. 45 pi "275 . FIG © 44% ; 


Os theſe Methods, their Perfection of Ir 
ple Account in u TR Gp 


5 x 
EMA _ 
5 KT * 


be BORN PRACTICE | 
Of the Lunar Eelipſe, July 30. — 
"feſt MY moſt compleat Methods wh 
culties can be overcome, and with the nal oF: _ 
portable Inſiruments; amongſt which Methods, havi 

+ 1n. particular Manner recommended. that hy — 4 
pondent Obſervations of the touch of the Pænumbra ta 
the Lunar Spots, in Lunar Eclipſes that are torah I 
ke beg leave to introduce here the Particulars of the 


* 


unar Eclipſe mentioned, Page 34, is follo-w.. 
XXII. W e Lungr Eclipſe, July 3o. 1776. Wie 

1 Having drawn a Meridian Line and adjuſted 
thereto. the Apparatus deſcribed in my Practical Aro. 
aomy being allo provided with two Regulators which 
beat each Seconds of -time,. and another which best 
Half ſeconds of Time, an having brought all three to 
Keep together for a confiderable Interval, and ſet each 
ſomewhat near to mean Solar Time, wirhout being 
preciſe concerning the Quan tity by which: they were 
too ſoon or too late, as that wad be determined by Me. 
ridian Tranſits, 1 made the eee e 
vations; | | : 

Near Covent Garden: . ns July 3s, at Noon. ” 

At 12h: 2m. 138. per Clock; the Sun's Limb 4 
P the Cylinder; at 1ah. 8m, 368. the her 
_ og left it; ſo the Meade was at rah. gm. 388, 

At 12h. 3m. 388. the Sun's Limbtouchedche Threads 
ar 12h. 7m. 13*, the other Limb, left ird 0 the Middle - 
was 12h. 3m. 268. 55 

At 12h; gm. 268. the Threads appeared biſeQed, . 

©, The Mean Solar Time was before Solar Time, zm, 
| 803. The Place of Obſervation a8 Seconds of Fime 6 
__ weſt of As wo & Seconds welt of St. Pal! 

| London. | e 

Hence he Clocks e were 32 8 mean Solat 5 
Time; but m. 258. hefore Solar Time for the Place 
of Obſervation; and _ 638. before Solar Time for || VM 


| Greenwich, which being ſubtracted from any * the 0 


ek, he Obſervations. made concerning the 5 
ning. End, or touch of any of the Spots e ver M 
= h the Solar T EO 4 . 5 
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| Of tbe « LONGIT vb are 8 
Of +be Lupar Reif Julr 30. 1776. „ 
„Hen prepared the Clocks, I confidered what Mes | _ 
thod:was moſt proper for obſetvitg the Beginning 
End of the Eclipſe, on Acroumt ot the Cats — 
determined to obſerve theſo Parts, wich the — 5 
alſo with a Refraftor magnifiing g15 Times, and with a 
Reflector magnifiing net leſs than 60 Times, but he 
2 ofthe Spots with the Reflector only, ! 
Before the Eclipſe began, Mr. Rurdie Norton, a 
very ingenious Clock and Watch Maker, und I another . 
Perſon, were ſo kind 8 to come and offer e AI- 1 
tancey na brought two curious Watches, but I enden e 
voured to keep as cloſe as poſſible to the Time ſhewn 
the Clock, beating Half. ſeeonds ef Timer: Win 
their Afſiſtance in ſpeaking rhe” Beats, 1 eaſily s 
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Of the Lunar Edtipje, Fuly 30. 1776 85 yy SY . 35 | ; 


The mean Salar' Time was then before Solar, Time . 


zm. 545. the Clock 23 Seconds after mean Solar Ti 


So the Clock had gained 9 Seconds, in 24. Hours, and. 5 


4 Seconds from the Foresson to the Beginning 


A Eclipſe ; and therefore, 5m. 485. nee rom; 


any of the foregoing Obſervatio n _ 
Time for Greenwich. 
Joth. Here are 52:Obſeryations.r in 
continuance, of one Lünzr Eclipſe, to any. 3 
a correſpondent, one being 
or Sea, fo that the Erecr in 
Seconds of Time, determines the Longimde tog Miles/ 
near the 1 and For 10 of Time ar 
Miles; 
be too mall to be diſcerne chin the Pra, ies by the Sun 
and Moon of Zodiacal: dars, and w ich is much leſs 


than that arifing throv han. 15 av arable: State I - 


Air, in-Obſeryations of Jupiter; 17 


18 Hr. e wi 105 
beſt Teleſcopes. And that th 


plicable dc that 8 ? 
Miectum. bf the three Ol K Vati 
principal Spots, and co 8 
central Tin, thus. 8 


? "NE DO - We: ? 
Ne. . . E foe 1 7 1 
5 ; - . "47 „ SY - LS ES 6 EN 
&" 7 JJ 8 . 8 
r EN EEE. . 
N F 14. | 4 4 1 
Seconds o Time. Seconds of Time. 
5 1 20 55h „ p © 72 2 4 ö * 


Kepler 10 plus. K 
| Copernicus 10 minds. n 4 


Plato wo 25 minus. „ = yy minus. 
Tycho 1 pia. Plato 3 2 minus. 


Manilius / - ler . 
1 1 


| Cie 0. 
From theſe C m 
Biſection of mine 0 
out erring two. Seconds of” Titze, from a Medium of 


their Limbs” or” Extremes; aud had tlie Error been : 
double that Quantity, the Error in the e e 5 


duced *therefrom,' would have been at. the | 
but one Geographical Mile. N 


Lond 7 Sou WR 


Fiſt. the "he koown beköte iN ble 
3 


9 2 * is not more —— "of 


rror,, which, . (as. hath, been ſhewn).may = 


arifons, it ? | ny A Ps. central 
theſe tele Spots, was taken with. 


own World, N it — 0 . 


„ 22. + THEORY: rA nie | 
e the Lunar Eclipſe, July-30, 1996) - 

| have been Of obſerved 1 1582 np the princi· 

Pal Towns: in England, Scotland and Ireland, 54 the 

Geography of thoſe Maps may have been thereby ſo 

Qed, as ever hereafter- to need no Correction. 

| Thelike may be ſaid for Places beyond the Seas. But 

its Uſe io drawing Variation Charts of the Oceans i * 
_ nianifeſt; for at Sea, wherever the Time at the Ship 

was well aſcertained, and any of the Particulars — 5 


ved and compared with the Obſervation, the Longi- 
| tude of chat Place at Sea was thereby well determined; 


and the Variation of the Needle taken at the ſame Place 
and Time, of the greatett Uſe in dente e accurate 
Variation Charts of the Oceans. „ 
XXIII. Of Kite Variation Chart.. 
52d. But whenever the angular Diſtanceof the Sun 
2 Moon, or Moon and Zodiacal Stars, can be more 
accurately taken by Land and Sea; Variation Charts 
of the Oceans may This proved and drawn, if required, 
I the following Method. 
At any Place whoſe Latitole, and Long itude are vell 


" alveyrained, ler the angular Diſtances G the Sun — 7 


Moon in the Day- time, and of the Moon? s Limb and. 
r Zodiaeal Stars, be taken at equal Intervals 
of either mean ſolar or ſiderial Time, as frequently as 


Obſervations can be made; one at the End of every 


chree or fix Hours, may be Mussen An Inſtrument 


for ſuch a Purpoſe, ſhould not be overlarge and cum - 


berſome, but have a ſmall Teleſcope adapted to it, and 


be well mounted on a mall Pedeſtal; and then thoſe - 


Diſtances of Stars may be d taken thereby, without erring 
more than i; Seconds of a Di I cannot abe er 
of the Hac fey's Sextant as an 1 or 
ſech a Uſe, on Account of,many.Real ons t an 
de given; but if no better were made than that men- 
_ tioned-ar. Article 213 of my Practical Aſtronomy, it 
would anfwer within the Limits above, mentioned. 
| 2 Obfervations being thus made by the Aſtrono- 
mer on Land, it would remain only to take the angu- 
wr 2 of * and e or Moon * 1 
; 9 


. 


3 


) 


#820 0:9 oi, _ 0, 2.505 => wo. 
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. the LONGITUDE. „SA. 
Of. decurate Variation Charts. 


Stars oaks at Sea or on any Coaſt, by the leben 


iſed, with Hadley's Sextant; and for the 

ant to determine the Time at the Ship and the lame Ir 
tion of the Needle, and to inſert theſe ; in the Ship's 
Journal for Compariſon with: Obſervations at 1 1 
By theſe, the Time at theObſer, atory and the Time 
at "ihe Ship would el much in the ſame. 
ner as it is now. founc Lunar Method, 4 
without any ſuch Errors as ariſe through Imperfecti- 
on in the Lunar Tables; conſequently, the Longitudes - 
of . thoſe Places, either on the Coaſt or at Sea, would 
be had, - alſo the Variation of the Magnetic Needle 
at thoſe Places; from which the Variation Charts maß 


be drawn and fee as often as ſhall be {PROG Be 


ceflary.. 

74th. Such a ; Method of obſerving need not. be co 
tinued but a ſmall Time, and a ficient Number of 9 
fervations may be procured. FA drawing thoſe Charts, 
but a few ſuch will be enough for thar Purpoſe, if 4 


Theory be applied, by which I have drawn the New 


Variation Charts lately publiſnhed. This Method orf 


obſerving, is peculiarly adapted for determining the 


Longitudes of remote Places near the Sea Coaſt, alſo 
of Iſlands in the midſt of the Oceans, and will ſet aſide 
the Errors which are apt to be introduced thron Im- 
0 Td in the Lunar TIRES A and make abe 0 


55 by a 
: .. 


e 


ring N {6% Valuy of e FLY 


tions on Lunar Eclipies by that before menuyzoned;. alfo 
having given an — 8 Method, whereby the 


1 of e near me. Sea Coaſt apd2 in the widit | 


of the 


Ki 
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65 The THEORY ond PRACTICE 


<q Diſtances of che Sun and-Moon, or Mos 
ir is next to be conſidered, how the Longitude may be 
found. at Sea, by each of the four principal Methods, 


5s. I 


A 
* 


N WA LO ran n 9a OT "Hig 
© - _ "76th. In the Practice of the firſt Method, namely, 
HM that by the Ship's Reckoning, it is requiſite that the 
Navigator, be perfectly acquainted with all the Parts 
of 'what is commonly called Practical Navigation, aud 
in particular, that he be able to practiſe the nicer Parts 
thereof, ſuch as taking the Latitude and Variation, 
Kaaſcertaining the Leeway and Currents, judging whence 
z the principal Errors may have ariſen, and what kind 
odr quantity or allowance ſhould be made for correQing 
* them, how the Compurarions are to be made, andof the 
Y Reſult to be determined. The Principles on which 


5 theſe Concluſions depend, are copious and extenſive, 


they are no leſs than the Elements of Arithmetic, Geo- 


| | metry, Aſtronomy and Geography, and therefore may 
de cConſſdered as no inconſſderable Part of ancient and 
Wai On 
fully conſidered in my Treatiſe of Practical Navigation; 

e which, it hath been endeavoured o point out the 
moſt eſſential Things to be obſerved for bringing this 
- $4bje& to it's greateſt perfection, omitting nothing of 
Importance introduced by former Writers, and correct- 
ing Errors which have long Time been in the Practice 
and unobſerved. To that Treatiſe, I refer, for this 
* firſt Method of finding Longitude at Sea, by the Ship's 
1 Reckoning or Courſe and Diſtance failed. ' It may not 
7 be improper to add here, that this Method will always 
"ſucceed beſt, When the following Advantages attend 

the Practice, namely ; the Courſe failed is as correct as 

poſſible; the Diſtance meaſured is nearly true; and the 

' F cite is taken frequently and applied in the Correc- 

"58th. The Error ariſing from ſalling on a Courſe 
one + „ „„ > erent 
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©... 4... Of Longitude by the Ship's Reckoning. 0 
of the Oceans, may be found by torreſpohcent obſery-_ 
oon and wok : 


whit ure the” Calculations, asd the Reſult of the Ob- 
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Of .che. LONGITUDE EA. G67 


— by. the Ship's Reckoning. @ 
different from what is ſuppoſed, may often bediſcoyered, 
when the Ship hath kept for a onfiderable Time on one 
and the fame Courie, and by help of the obſerved La- 
titude, finds" her Place to have been erroneouſly infer- 
red from the Reckoning. Bur for meafuring the DibB 
tance ſailed, if the Log line be thought imperfe@, the RE 
following, Method may be uſed, which I tried more 
qr LARS 44 artigt +; 2 a PTL, TIS RS er ys : 
than 20 Tears fince on the River Thames, ang found _ 5 


rern 
. 


it to Ae ee TO, OO: 
Seeing that ſome Bodies will ſwim in. Water and 
others 1 i fiok to the Bottom; it follows from the 
rinciples' of Hydtoſtatics, that à ſmall Ball of any 
Subſtance” ſpecifically heavier than Sea Water, will 
| fink below its Surface; and if its ſpecific/Gravity be i 
greater than that of Water, bur properly proportioned. „„ 
0 it, the Ball, when immerſed in che Water, may vpe 
„CCC / Faw Mts AE IT HEEE 
- ſuſpended, by a Thread perpendicolarly, at Reſt, and 
with a Power lefs than that of it's own Weight in Airy 
. büt if the Hand holding the Thread is moved, the = 
© || Ball wilf tecede, and the Thread will make an Angle { 


2 


"9-0 UY- oi w IT eric. 


- | © 79th. Being provided with one of thefe ſmall Balls; 

n Whether of heavy Wood, or of Braſs, Lead, or a ſmall | 
globular Shell flled wich Quickblverz the Method of 3 

JJ ee Morbo 000 SHES,  Þ 


* is than OE OPTI OOO Bet 9s WP In AFG | Or WR PA... 

of | ens eren on dee Points bf Land, whoſeDiftance | 

+. | is well aſcertained in Nautical Miles, and faſtened be 
ce || 7 bread ot Cord -to the Centre, of a {mall Arch © 
vis divided into Degrees, with its Radius Perpendicular to 5 
pe rhe Horizon, let the Angle ot Receſſion, kom e Fer. 
or | pendicular Direction, be taken, whillt the Ship is failing 
from one Place to the other, and the Time elapſed e 3 
meaſured. by a Watch; ſo will the Velocity anſwering * 


1 to chat Receſſion, be determined. And khe like kor 

the iN oth Degrees of Reteibor, from which © Mgt Tabe PR 
ec. | may be made, ſgewing the intermediate Degrees anti 
© If their reſpective Motions, to any Precilion, and uch a 
ie Font! 15285 N os bee W i . 4 
ent 2144. rn, 7 h ; . : SG | 15 5 © 8 


bu Ihe ratonY 4 ebe 0 
_ Of Longitude bythe Shig” s Reckoning, 1 


e's with the Inſtrument, are to be uſed for thening 5 


the Ship's Motion per Hour, at Sea and during e Voyage. 


therwiſe, the xperiment may be made by run- 


ning a good Length at Sea near one and the fame Me- 
' ridian, with nearly the ſame Velocity; and the Diſtance 
found by the obſerved Latitudes of both Places, for 
this Dickauce with tlie Time of Sailing it, will give the 


Number of nautical Miles per Hour z and the like for 


bs SIA Velocity. 


Of Longitude by Hep of the Packer Watch. 
Soth. When the Longitude ar Sea is to be found 


by. the Uſe of a Pocket Watch; it ſhould be carefully 


tried for a ſufficient Time before the Voyage begins, 10 


diſcover. whether it may be expected to kerp equal 


loſe on Equal Time in 24 Hours whilſt 1 it is thus on 
Trial, becauſe that Allowanee is to be made -whillt i it 
is g Boing at Sea, The beſt Method of trying NY 
Land, 1 is either by oblerved Tranfits of the Sun or 
Stars, concerning which I have given full Infttw&tions 
io my . Aennend. ay illuſtrated | the ſame. with 

am 88 

In ide Uſe.of eh a Watch the; greateſt Gare Would 
be taken of it Whilſt i it is in Uſe, oF prevent any "Acci: 
Yenrs from-hprting it. Before the Beginning of the 


1 15 5 a 5 575 be clean and brought to a.regular 
0 be as much, as al 4 15815 8 the 


A 0 SD is, 10 be . an one, nd the «jy a 


u i fro 


Fri, been b pech) Lo in e Sh. 15 
ſtance, if a Watch err nepal Times one Minute 


1500 «Week, N may a. an Error of 15 Miles in 


Long tude 


Tine at Sea or not; and alſo, what it may ain or 


nn Gn. Tg 


plitude, Azimuth, and Time a at the Skip, under t 


- titud le god. om. N. and by Eſtimation ; C 


er Limb is obſerved 26d. 24m. und the Height of 2 
how much the” Watch is eicher before'or after Solar 

e. is + 11 9 . NN LOS 
Kos oat the Sthition” of this Problem if bee de | 


of the n x at Sk A. 5 
1 L itude by. Help of the dene bee, | 
Longitude but if it err four. Minures i in a Month, 
8 produce ab Error of 60 Miles in Longitude, the | 
although the Watch hath gone om at the ſame N 22 

81ſt. If the Watch cannot be ſet by an Obſervation 5 
of. the Sun's Meridian Tranſit, it may be, by either 4 


" 


üngle or a double: Altitude of the. Sun, the Manner of 
| 7 which. is:ſhewn. 1 in the 5 Treaties « of 


| tion and Af pPromen $y 115 5 F of wbich, un- 
ber: —_ Head, are th e Inſt 1008 , fox | 
etermining the 1 of Places: at Sea, the Ame 


niceſt Corrections bolutive; to thoſe Subjedts; and which 


belonging chiefly to Practical Navigation, er lere = 
fedly r by the Navigator, a8 


preparatory to the Study and Practice of the L ngitude 8 
at Sen, by any of the four Methods before mentioned. 
Nevertheleſs, as this Method depends ſo much on the 
Examination of a Time Keeper, it is proper here to 
thew * Method of en, chis Cr olatic 0 b 
ample. Ba _ I | 
| Suppoſe March 46, 2780, before Novi egg 


; 122 
4 * 


vio London; at 8b. 36m. per the oe 
or by a Pocket Watch, the Altitude 6 the Sins j 


Eye 14 Feet above the Surface of the Sea. R 


bear the Fquitor, the'eftimared Longitude of the Ship 
and' nearly the Time of the Day there, muſt be H 
in order to take out the Sun's true Beclinstion 3 a 


thereby get the true Polar Diſtance; but When the Sun = 


is near either of the Tropics, there is no need of chis, 
as the Declinatioh tontitives yearly. the arne during 24 . 
Hows. | or Ane 484] Hat : 
In the preſent Taftance,” by contig the eſtimated, 5 
Longitude and Time at the Ship, che Eſtimated Tie = 
e is 1885 * "The-Deelination for Non 


5 


% _ The THEORT PRACTICE 
Q Longitude by Help of the Pocket Watch. 


at. London is 2d. 34m. North ; 3 and allowing for the 


daily Change of Declination, it is 2d. 32m. for the 


Time of Obſervation at the oye and the Polar Diſ- 


tance 87d, 28m. for 5p one of the three Sides of an 


oblique ſpherical dbl Bi + tb 1. 55 8 e ee 5 
ip. Am, and Refraction 2m. 


is 16m. additive; the 
Ris both ſubdudtive; 0 the ee of the Sun's Cen- 


tie is 26d. 346; And Coraltitude 63d. 26m. for r 


another Side of the! ſarde Triangle. The Co. latitüde 
is 40d. om. for pz the t 
Triangle. . And the Operation 2 be thus 2 5 


HR QD m. 


 Ci-laritude, always under 90. | ek, ace 


Polar Diſtance," under 6riabgve. god. =» 87 28 
altitude, always under 90d. Ar F. kes 63 26 


am: of tele three Sides bene duct 5190 1964 
* of cheſe three Sides 5 . $4,999 1 

| eres *fub:: from! . Remainder IR. * F335 1 
wn ar. of Colariude; ©4940 oo Log. 8 Bs 
Co. ar. of Polar Dilancs | : 87 0.9004 


Sor fall Sum. Fol men 395 bie 


Hue ol Remainder... . 450 0 wo br 9%. 


Fe e Cops 3 2 t 1 195 147 


8 mem ll 5 i ie Wo: e453) 1200 94 73 


PR u HAYS 52 rache 7 ente 


Aan eee of Ob vation. 4 45m." 508. 
2 ime by the Watch % Gn ir Texts 15 35 15 =, 
Watch before Solar. Time 8 ob. Am. 168. 

Wasch after Mean Solar Time Te, Hh. gm. 308. 

In this -Qperatiqns. When. the Co 0, are, (or Comple- 
ment arithmetical) is taken out, it is the Log-koſe- 
cant, with the Index diminiſhed by 10. Alſo, when the 
Co. ar. or Sine of any Arch more than god. 1 is to He ta- 


8 Kong the a Neyo to, 18806 uſed 1 in it's — 55 | 
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hird Side 2 the fame ſpherical | 
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'& 1 LONGITUDE A SEA. 
Of Longitiide by Help of the Pocket Walth. 


wanted to have the Sun's Altitude as correctly as 95" . 


ble, which when the Ship happens to be near Land 
will not always be practicable; and at Sea, the a Y 
zon will often be too ill defined. for taking the Altit 

to the Accuracy that is wanted. But a Remedy to te 
former of-rheſe' two Caſes will ariſe from a judicious 
Application of Hadley 8 Sextant, when the Horizon is 
vilible on that Point which is oppoſite to the Bearing 


of the Sun; for the Obſerver may turn his Back to __ 


Sun, and bring the Sun's upper Limb to ſweep that 
Horizon, but the Semidiameter will, in this Caſe be ad- 


ditive, to get the Co- altitude of the Centre. This can 


be practiſed by the Sextant when the Co: altitude is not 
more than 30 Degrees; but if the back Obſervation be 
made with Hadleys's Octant, this Defect may be ſup- 

plied down to the Horizon, however I think the Truck 


would be much more eaſily found, by the New lnſtru- 5 


ment mentioned, page 73. of my Practical Aftronony, and 


that there is wanted that Inſtrument, for aſcertaining | 
many things of Importance in Navigation. 


83d. The Time Keeper having kept mean Seer 


Time quring the Voyage, and the Solar Time at the 
Ship being found by Obſervation, their Difference is. 
the Longitude. Thus, if the Solar Time at the Ship 


be 8h. 36m. when the Equation is as beforementione 


and the mean Solar Time by the Watch 8h. 45m. — 


the Solar Time by the Watch will be 8b. 40m. 168. 
from which take 8h. 36m. gives oh. 4m. 168. or id. 


Am. for the Ship's Longitude weſt from the N 


5 where the Watch was ſer to mean Solar Time. 
84th. This is the Method (which hath been ſo ma 
wiſhed for and deſired) of finding the Longitude at Sea 
by Help of a Time Keeper; 'which, if the Machine 
covld 'be depended on, and no other Corrections were 


required, would be of the greateſt Uſe in wee | 


But it frequently happens, that ſuch Machines will err 
from an equal Rate of going after they have been ad- 


Jüͤſted thereto with the greateſt Diligence and Care, that. 


ſock n * 950 N ens and Cireum- 


2 
— 


N „ 


3 3 therefore requiſite to watch the 


5 ; or any other Time ſuited for- Uſe at Ses; an 
ſes _ wig ht he ordered 

e 
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7% The THEORY ond PRACTICE 
Of Longitude by ip of the Pocket Watch: 


„ Kances which are not eaſil to be foreſeen, and chat 
"their Effect is not . diſcoverable, but n 
y the Navigator whilſt he is purſuing oyage. *. 


b ions of ſuc 
Machines and diſcover. the _Errors as fooh..as polbble ” 


© after they. ariſe. If the Machine requires robe-rurned” 


vp once in every. 24 Hours, it ſhould be carefully tied 


whether it will keep Equal Time during that Interval; ; 


to which,” if there be added a ſameneſs of Poſition, an 


equality of Heat, and Care to prefers fr ſudden. 
| Focke ing other ; eee the 


eri of the = 
Il appear at the end of every ſuch 24 Hours t 
The he hke, if 1 it. 7 to turn up at the q. 25 21 Ds 


_- diviſions of the intermediate Hg . E 
good Sg ring g Bork -or cy e ateh 5 809 her el ol 
can 5 ciently- @ for that TY 
-ahbough be "ay but f arly Found fofficient fo 
- Keeping (cor during a EE; e 
5th. {Fs rom pay ſideratiogs like thele, Xt 3 „ 2 hc, 
2 mote than 25 Years. ago- T. a ce Dae — 


- ble Board; requeſting ghar foms 


men . Ache Ob Fratiols 1 hich That 


WC 7.5 2 
And that qu | -&if 7 8 
ef a Ship ES, . "This Prop tal ks bear; 2 
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keepers intended for the Longitude; but have had this 
Property. Mr. Harriſon, ſpeaking of his Timekeeper, 
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mentionec. 
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XXVI. Of Longitude by the Sun, Moon and Zodiatal Stars; 

- 86th. Having ſhewn what ace the principal Things 
to be attended to im the two firlt Methods of finding 
the Longitude at Sea; the third Method comes to b 
conſidered, and in a more extenſive Manner than either 


of the former' in this Work, as. it exercifeth à grea- 


ter Variety of Science relative to the Principles 


The principal Sections of the general Introduckiog 
fixed to this Work, which relate to the ſecond Meth 


in this third Method (in oder ce 8 


* * 


which it is founded, the. Obſervation and Calculati 
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A; 


, * 


are thoſe concerning the Equation of Time, che gene- 
ral Properties of Clocks and -Warches, and the Errors 


ny F\ x) $5 1 10 U : „ ch x In! ; * 2 . 5 
ariſing in them and the Uſe of other Inſtruments. But 
MEE» . r Ut; ; | | ] 
5 LIE EY 13 . e MEE SS 3 
N 4 S& £ 3-55; K 4342 N 1 62 $49 *u-5 4 op a wo 2 Ls ing ; 
A 5 5 | * : | | 7 8 f WE : 7 5 a : F | 3 | ; : | a 
: 5 : * bh LEED Is | : y J ” , - 
* 


| Page 14 fays, *© The grand Principle of the Watch is 105 
chat of giving the greateſt Motion poſſible to the 
Balance with a given Forte.” And I have been in» 
formed by an eminent Watch-maker, that the beſt 
Pocket Watches which have been made ſince Watch- i 
work received it's capital Improveinents, do beat ner 
cond of Time, "which confirms the Principle before 


* 


Sc, 


1 12255 THEORY. Frey PRACTICE 1 
3 f1 weitude by the Sun, Moon and Zodiacel "a 5 

ing of t Sul ject) it is requiſite to be acquainted wit 
ns 2 wehe en Migge e ry 

5 thereof « concernin s Variation of the Magnetic 
W. 


1 Needle, which alſo may be of ſome articular Uſe, when 
ß this third Method ; is applied in findi ling, the Longitude at | 


| © 87th. The Toft ruments and Books uſed in this Me: 
q e are, Hadley's 4 00 or Mant, the Ephens yerts for the | 
bh Current, Year, in whi h the Obſervation 1 18 t9 be 1 | 
which the Obſerver mult be able 10 add a Competency 2 
i gh, WT a nd Abilicy to make the Green and Foe 1 5 
f 5 | a e ations. 


"88th... Reus, provided Wich theſe” Neceſtzries, at 


5 xwo..th nes mult be found to determine che 13 | 
iude. of the $ ip, farſt, what Hour, Minute and Ser 
Sod 6 « the ) {9508 'Nig zht in "Solar me, it is af the 
Jace for which f 


E Ephemerigi is made, when he makes 
= ib Obiervation af the Ship; and ages KY what Hour 
„ Minuce d Second of Solar Time of the Da or Nig k 43 
ä ar ſame Inſtant, at 5 Ships, an How Dim: 
. ence of theſe. two turned, 1 into Dy ok by allowin C 

1 egrees . to an Hour of Time, ves TOES 5 
19 Bl P.. from the Place for which th che bg 9 s 

made. ff the Time at the nh is grearcll, the Sbip | 

" 50 Eat 135 ongitude, otherwiſe Weſt, . - --. ; 

„ If the Obſervation be made in the Day time, 

| „ the ee of the Sun's 1 800 that of the Moon's | 

&.. - SEentre andihe Diſtangs io F the Sun 51 Moon” $ 4 neare : 
1 1 ne 85 . for the [a aſtant, ate x be only things 
; | DE ; but” Kg the e 0 No m de 


—— 


oy DPS 05 5 .rrors. may. a Ti 
ce, and there ore 0 


of Login 0 b , Moby At Sede 
1 a3 poſlible 5 755 any. ſuch. Fo Inſtance, 3 


un happens very near the eridian of the 
Pes 'of ( eragon, 


It will free vently 'be diffi- 
cült to infer the corre 4 48 
of the flow change i 8 the Altitude of the e If be k 
Sun or Moon happehs to be'ne 9 they may 
| be fo affected FOE unexp br Kion in dieren 
mates and at different 240055 of the Fear, that the 
obſerveg Hiſtance of the Limbs may not be ſo'correttly 
taken, as appears 'by the Inſttutment. For the Night 
Obſeryatioh,,. it Will be moſt 'convenieht to hade a 
Watch; Which baving. been ſer to Solar Time in the 
Day, tuppoſedly” carries Time *till Night, but if that 
ould err ig ies Rate of going, or ould! not have, 
bee fl; 5 or'a proper Allowance be nor made for 
em "of the . Shi p it the Interval, an Trot © 
85 thereby be groduced, Which together wich orfier* | 
rrors, may render the Condufion'the mbre imperf Et. 
c in general, i it-may-be ſaid, the Qbſervations for the 
2 ongitude. by this Method, afe not cafily*roade 9 4 
eh Accuracy. that js defirable, bur by 1 erſons who” 
can exert, their Care and Attention 1 in x partievlar Man- 
aid ate acquainted wich the Principles on which! 
he ; founded ; ſome of which arc in che general Intro-' 5 
N dückog, and the reſt are as follows. 
Problem I. To find on what part of the ſmal! Mir.” 
ror of the Sextant, the Objedts muſt be ſeen whenthey, 


are. ted. 

1. "Meaſure the fanie Hite Ki the Plane 
£ the. een to the unqbickſilvered Part of the” 
oy Mirror, ag the Kye-hole 1 is from the Plane of the? 
rument z and it gives the Place required. If the 
205 hole 92 erde it is beſt ro flide it more or leſs 
- diſtant from the Plane of. the Inſtrömebt, untiſ it the. 
ſame. Dj ſtance as the . c qvic flvered. 
and: zunge eee Part, 2 ws the is are $i 

. be, united oh that Line. 


2 EM Hold it W "and by de 


Atty 


2 


rb 1 T0 adjuſt te See . OY = 


4 © 


/ 


16. The, THEORY. an ee 
O Longitude iy the Sun, Moon and Zodjacal: Stars... 
the Foot of the {mall Mirror, move it forward o or back 
ward, until the Horizon of the Sea, or any ftright Line 
ata Diſtance, appears one continued ſtraigh e Lune, bot 
at tight and left of che Mirror, and on 12 ae 
Far thereof, .. | 
" Problem III: To adjuſt hor Setz ne vertically. ” 24 
; Rule... Set the Beginqing of the Diviſions on "TY f 
| 9 exactly at the Beginning of che 8 on the 
Arch of the Sextant; and then, holding the Inſtry,” 5 
ment as upright « as pollüble, turn the mall Mirror about 
by the Lever on the Back of the Inſtrument, until the, 11 
Horizon of the Sea, or any diſtant Object, appears 
| united and making one perfect Object, partly on the. 
ickfilvered and part on the unquickhilvered Glas or 
3 5 Mirtor. This Adjuſtment may be alſo made b 
the. Sun in x the! e or in th e e 0 a Br . 


ww, 


Kult. Always vj e Oben i ee ts; i 
15 3 3 therefore, the Sun is brought 16 the Moc . 
and the Moon is brought to a Star. If the Light be 
1 * ſtrong, the dark Glaſs muſt be rurned down. to take 
off the ſoperflugus Lisht. There, 1 principal 
| 5 which the Inſtrument m. % require in this 
. Obſervation. iſt. To bring the Qbje&@ down. = 
To: catry i it t upward, 2d, To Wing it to the right. 41 TN 
o carry it to the left. In each of which the lofty.” 
ment. muſt be curged ſo 2s to produce that Effect. The 
like. is to be obſerved for 9 rity But in all 
of them, the moveable Object mult be made t ſweep 
the e 1 Boe am Ke — 
_ "correct as e, and at the ſame timethe Iunction 
os be, on. the Part of the ſmall Mirror before deſcribed... 
roblew V. To fiod the Latitude of a Place. 1 
1 his Problem, belonging to Prafical Navi atten, i is 
diſcufled, in the Treatiſe on that Subject The" 
four 151 Practice is by. the, Sun's Meridian Altitud ez 
hut the ſame. thing may be effected by the Meridian 
des of the 28 ned . the Grft Wee when 


F 


* — 


PG 


cen. LONGITUDE: SEA 
Of Login 1 the nr i ; 


VIS 


be known, 


lower Limb, above the Horizon of the Sea 1 to Bae 
| the Solar Time, before or after, Noon. 


— 


in finding the Time at the Shij , Which being done ax 

| 5525 and the Difference : 
of Longitade i in that Interval bel bg give 

the Gain, Or Lois required, But if any Error ariſerh 


h 


tude by the Reckoning, f it will be imperte ge 


| HI at Ses. 


5 2 4 


Problem A 95 ha PEO of 5 pn eb 5 the 
Declinston of the Sun, and the Altitude of the Sun? 


This Problem hath been already exeinp ified'in 


4 Method of finging the Longitude by, belp of a * 
deeper, and i the fore mentioned Treatiſe, it is alſo 


ew how to. Bod this and, ſeveral other Things, by 


two. Atiruges. and. the obſerved elapſed Tine, e 


8? Problem. "VIE. To find how] ch a Watch Ae W 
loſes an mean Solar Time, W the Ship i is Firing 


is Problem. is e in Mk ede neti 


the End of ONE, two or more 


for want of knowing, the correct n 78 


for and the-Eeror be EET. 2 fk be 
= Problem. III, To fer Watch to Solat it Tirne by 
having ectination and ight Alten "of a Scar, 


the; Ong we the Place, 5 the Ine "th 
at bove the 1 of th the Sea. WONT 
-In"thi i Froblem, the ſame Proceſs. js to be mille . 
that For -the Sun, until the © quatorial Diftarice of the 
Sta mn + the Meridian of | he Place of Obſervation is 


_ found 4 +then, the equatorial Diſtance of che Scar on 


2 1 of 1 1120 ; and otherwiſe, fomewhat, 
| COON of the * . e = 


the Meridian, being compare 115 the equatorial Di 


ight Aſeenſion 165 the Sun Right Aſcenſibn for chat 


nee of tie Sun from For Star, by help of the Srat's 
15 ant, gives the equatorial Diſtance of the Sun from 


nred. 
his Poblem es not be 


5 | the Meridian, and a wendy 't the Le do 0 e 


3 rently ear. | 


1 „ Stars. i ; 


of! 07 itude 3 the Fun, Moon and Lee wa 3 
1 25 che corte& Right Aſcenfion' of the Jun at 
that Inſtant: but to make it general, there is Wanted 
a. Correct Artifici 1 Horizon to ro ſupply. the imperfe&t 
Horizon of the Sea. ie. 
_ Problem Tx. To Kd in * Direction a, | 

ving 4 Sight a of the Sun and Moon only, in 
r 


. the” two Corners or Cops of the Moon 
W 1 Line, which biſcet Af at ; 


7 


4 | Prob 8 To find a Ky eas as ge bags ; 
blem, by a Sight oft he Moon in the Night-time. 
Ruler. 1 the Line jo ming the s and conti- 1 
| git. as ; before, it 125 be, 2 ls 1 7755 quired, an 
ba continued Line the Zodiacal' 9 1 de I | 
they. are without. the 1 85 we, the 2 mult be 
alittle, to TE: ort 3 


i 3 Wege Suk wwhe va- 
egrees as Is the Latrude 
| Paral KI required: 5 
n 1 Latitude of the Place 
i Hour It che Day late, ro find, ide Point 

_ ofthe Zenith, and what Star ate near the Zet 2 TY 4 
* A e N or 263 * Ft 
Rs Hind, (he püstef d Decllmiion e 5 : 
<q Problem, and heat ve your, oe Fl v 
Fatallel, either to the Right or Feb a urs. 5 
as it is either before 872 er Noon, 


2 required ah the Sears. near that Fit, | 


then near the ith; but "others 


ch i Gia the 
5 3 


1 


North wb South iz f mn the,Pol 
LR the Chart. a : 42 | cr * A 


* WA, 4 1 4” 


- "gl it 4 XY the Flee required... 


_— 


52 0 th he Echo c, "EY th refore near that 1 be 


o the LONGITUDE. at FI 
be eee e ff 
Problem: XIII. Having the Latitude of the Place, 

' and the Hour of the Ni hr, to form an Eſtimate, 
| 15 ee n of the Heavens at that c 


98 Find he. Place of the Zenden a in the two j 


| former Problems; and jt will be ſhewn, not "what 


Stars are BEAT: the Zenith and Meridian, but al what : 
Part of the 5 4 is on the Meridian at that Time, and 


bat Diſtance. the the Moon | is therefrom, or any. of "we | 


Problem XI By. Having 5 Day of the Month, to 
ds the Sun's Eber on the Chart of Zodiacal Stars. 
Rule. Guide your Eye along the Eclipric,. until you 


"come t ſuch a Day of the Month as is pointed. ut 7 


the. Months and their Days adjoining to the 


ly. the Ricke Y 
hor ape Deelination of the Sun, on a given Bay. 


. 175 5 


fo th 9 Wake Aſcenſion is on the uy | 
quator, and the Declination is dhe Dif 
oY the Equatot. But theſe are moſt correctly | 
known: by the . or annual Tables. IRE 
_Prohlem XVI. To hnd the Zodiscal Sur in the 
Nigh 5 when the Mio doth not appear,” 5 5 
Find the Place of the Zenith andthe: Poſition 


of the bel tic, as in the former Problems; which be- 


ing referred to the Heavens, the Zodiaca} Stars will ap- 


pear there, as they are in Miniature on the. Ghars. 


This is a, very eaſy Method: of finding the Stars that are 


K PS. uſed 20 dil tinguiſhing them from others, in the ; 


ractice of the Longitude. at Sea in the Night, parti 


; . ls thoſe which are too {mall to be ſeen, when, . 
1 wee Ke. k. h Moon. 7 8 
Frablan re Iſtin with the Planes from che es 


. 175 Of R . 
Rule... The. Planats Mercury, Venus, Mars; Jupi- vo 
exer appear far from fame. Tae ar 15 


. 
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the Sun's Place as in the former Pro- 
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** 3 34 1 
PR * 1 4 + 
3 % 
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ude by the Sun,” Mor and Pole Stars 


| are to be Joughr amongſt the Fixed Stars. It is a 0 | 
Pert of the F 127 650 * 5 that 15 0 1 — twinklin; 1 


nus ap — 5 12 5 and 1 bor is derer 
oppolite > The un. Mars appears ſometimes 'ſmall at 


_ other times large as a Fixed Star of the ſecond Magni- 


tude, and apparently makes Excurſion through all Parts 


of the Zodiac. Jupiter doth ſo likewiſe and generally 


rs large and' refulgent. Saturn makes the like 
Excurſion, but generally appears wn like a Fixed 
Star of the Second Magnitude. ' The periodic Times 
of "theſe Planets compared” with the 1 Time of - 


the Earth round the Sun, and the Orbits of the WW 
- firſt being between the Sun and Earth, but of the three 
latter ae. Gage the'Earth's Orbit, their 4 8 — Places 
and there. 
fore whenever their Pofitions are 1390 in "he Zodiac, 
ongitudes and Latitudes 
from an Ephemeris calculated for the current Tear, 


are thereby more difficult to be predicte 
it is beſt/ to take out their 


and then the 5 may he found in thoſe Places, according 
1 che Met od oy for the Suns, Moon or Zodiacal | 


e XVIII. To Bud i in Wha Part uf the Zodiac 
ui Moon i is, the Month, Day and Hour being given; 


and thereby ſhew her Diſtance from and Fofition to 1 


Sun and Zodiacal Stars, ' Bo, 
Rule. By help of an Ephemerts 1 ing che Moon 7 

| Longirude every day at Non, take out Her Place 9 
tlie Day of hy rg bo making allowance alſo for her 
I or Change of Longitude from the Noon to 
iven Hour; this gives the Moon's Place to be 
83858 on the Chart of Zodiafal Stars; at the Hl, und 


left of which Place, in the Direction of the Keliptic, 


_ the Sun and Zodiacal Stars will- Be, at their reſpeQive 
winiature Biken N are 15 "be looked we in the 
Herren 1 5 eee 


* > pi n 
5 5 1 4 p . 5 y a 9 
* 1 « . by 
. c ; 8 : : ** : * } 
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9:97 LONGITUDR Bu; 1. 15 


| Of dente h the Sur, An 09d 2 al Stars. 
This Problem is of very great. Uſe in. finding. 


Long itude at Sea by the Moon becauſcy 5 often ap-. 
a; 


pony 1 chat in different Latitudes, the keli Itic. Fee, 


ſuch different Poſitions, at different Sandee Nan : 
5 e ata | 


Ca od, 
7 


reul Nroſitients in Aſtronomy may. ſametimes 
Joſs to bann Stats he uſed, but by: e 
du AIK To Had ae Som pounded Efe 

5 che. Dip of f Horizon, he horigontal apr} Hes 3D 


= —_ and half the wee 1 8 f 5 
Uir 1 * 7 Mes > I 2 Wl 
/_ (Otherwiſe, . c ſew In 


the two oppoſite Horindas are corre : 
meet each Other, and the A rch of weir B iſtance paiſ- 
ing through the Zehith is dhewa: on the Limbo! 15 
Inſtrument; half the Difference þerween whic ad 180 
Deen is phe. Effect as: befate. 77 ot 

This Method will be uſeful likewiſe on ende 


ako; Effect of ee His, ben no red nar 5 1 


| Problem XX @ Having an Epbemetis ee ie. 
G NN the Sun. and Moon, or Moon an 


Zodiacal Stars, to determine ſomew hat neat the H 


at the Place where the 3 wa mad, fo by. Ts, : | 


Obſervation! of the Diſtance; of 
neareſt Limb, or. either the. Dimes of he. gearr cr 
remote Limb of the oon from a Zodiacal Star lab 
Nui. (Cale 1ſt. To the neareſt Diſtance gi gche 


bers be et and tn a 


„ 
— ? ” 7 ef 


and; 'Moan's" e 7 | 


"I i 
V 

F 
| 


a and Moan: or Wiobn and en in he nm rake. 


out the neareſt Hour for that retiuirr d. 
Caſe 24, When a Star and the Moon's neareſt Limb; 
are obſerved; add only 15 or 16. Minutes. 


Caſe 38. When a Star and the Moon's: remote Limb: 
are obſetved, ſubtract only! 1g or 16. Miaute n 
This doth not give the true Diſtance: of Centres, | 


3 bers dle Tat Will often-* 'be- affected 11 20, or more 


; ee of | a Degree after this Allowance; however 
it may be uſeful for determining feveraE Requiſites 
| aach tlie Error Is ee a5 will I n 


9 o 40 1 HA 5 Ke MAG : 1 2 


li XXI. To . what are the prinei- 
0 pal Data or things given, in order to find the Longi- 
dude at Sea by the Sun, Moon and e RA 5 
A  befides the Obſervation and Calculation. troy 
tft. The true Declination of the Sun. ad. The 
| Sun? s true Semidiameter. 3d. The Moon's true hori- 
ATontal Semidiameter. Ack. The Moon's true horizon- 
tel Parallax, '5th. The true central Diſtance of Sun and 
Non, or Moon and Zocliacal Stars at the End of chore 
Intervals of Time for a given Place. 6th. Correct 
Tables ef Nefraction. Ith. The obſerved! Diſtance 
and Alditudes of the Sun and Moon, or of the Moon 
and Zodiacal Star, at the Place of Obſervation 
Problem XXII, Having an Ephemeris, ar See. 10 
determine the Sun's Declination, the Moon's' true 
midiameter and her true horizontal Parallax, at — 4 
Time when her Diſtance from the Sun RNs or from 
a-Zodiacal Srl... G 7 WO 0A 4% 
Rule. - Firlt get the etimacd Diftanceof e by. 
Problem 20. with which, enter the Ephemeris amongſt 
the Diſtances, and 2ake out the neareſt Hour ;+wi 
this Hour, Ser the Table of Sun Declination, = 
| of Horizontal Semidiameter and horizontal Parallax, 
and either add to ot ſubtrac from them ſueh a propor- 
_ "*jonal Part as' the Hour before ot after Noon requires; 
145 the true D on, or e 


; 15 2 8 43. 18. ALS, Dar La SLOT 20 4 or 


dA | TU DE rs . 

O Lankan & lr Sun) des aft Zo el Stars; 
Er horizontal Parallax wilt be had;' which were. OY 
e M474" 4 # ! , 2628 ; 

In this lerne the Truth l often be fond a RY 
out ſenſible Error, but if any farther Correftion * 525 
wanted, the Method is ſhe wn farther 6n. © 

Problem XXIII. Having the Longitude ſbmevibar 5 
near the Truch by the Ship's Reckoning, and the Hour 
of the Day or 3 at the Ship; tö find the Suns? 
true Deelination, the Moons true horizontal Semidils = 
meter, and her true horizontal Parallax, by help of n 
3 Deere THY ge}. 

By the Ship's ſuppoſed en and the.” y 

Hour! at the Ship, eſtimate the Hour at that Time 
for che Place which the Ephemeris was made forꝭ with 
that Hour, proceed as in the laſt Problem, and the 
. will be found which were require) 

Proben XXIV. Having the ſame things given as 

in the former Problems, to ere the-Moon'sirue De- 

denten W e e, ee 8 

Nut. Find the Time eng Place the'E 
was made for, as nearly 'as poſſible, by the Meti 
before mentioned,” then enter the —— . 
the daily Declinations of the Mon; and either add 
ſubtract. ſuch a proportional Partz ns the Change of 5 
Deellnation to the given Hour requires 3 and it ges 
the” Declination required e een een 5 ct 

Problm XXV. Having the Suns grirontat Para- 
las either 8 Seconds, - 8+: Seconds "or 9 Seconds ofs 
Degree; to find his Patallat in AJatudey” i ans: given: 7 
Elevation 93 FLEA nos: 
Kult. Ar Radius 10 the Coline of this Altitade; 1 . 
is the horizontal Patallax, to the Parallax/in Altitude“ 
ect forms he” 'Table"of ee Parallax in ere 3 

. 8241 7 2 54 2057 Say 
ri XN VI. | Haritig" che digi horizontal: 
Fp to Fad her Parallax in ping ng at pond 


LY N 8 | 4 o 
Aleltude. 1 * Ne 5 Teh 10 * *I$: 5 4 8 8 0 wi OG 


Degrees 3 — . as e 60 . C ie 
* > | 


13 


—_— — — 
rr > PII; Er a ne rn 1 — —_ 
Wa * A * I a 2 
U = PG oy - 


* 


: the Parallax i in Al:itude in Seconds. 


1 
. : 


1. THE ON r ad PRACTI os 
Akirude; 10 is e hen Paraltax, — 3 


Req wy the:Parallax FIR —4 


| h6nzontal: Paralla 5m. 188.5 and: Hltieude. I | 


E ; 
| piers: cke triad Parallax wakes; 3455 Seconds ; 


_ e Radius. to Coſine 32d. zom. {013495 t 2947 
Seconds or 49. 75, the Patallax in Altitude required... 


Ro bis ald the' Table er parallax io Abrede, 


I Problem xXXVII. Hering ile horizontal Parallax.and: 


Aliitbde as in the former Problemy to find how many 
Seconds of a Degree: are to be added to the Moon's. 
horizontal Semidiameter, for her beingiclevaced om 
"the! Hotz. 
Nule. Take both - Part ebe Münden e 
: Semigiamerer: in Seconds; and ſay, as Redius to the 
Sine of the Altitude; ſo is that God Part to the num- 
ber of Seconds to be added to the horizontal Semi- 


tude. S5 PETE, 75 1 . 
7 / Example.” If the ij gan Saler. . 
Jos and the Alutude gad. 50m. what be ep 8 
midiameter at that Altitude? 
Here the Goth Part of the horizontal See 
18 16 Seeonds nearly; and, as Radius to Sine of gad. 
2 ſo 161 Seconds td 13 Seconds nearly, which 
added to the horizontal Semidiametar gives _ 535. 


. * the crue-Semidiameter arithat Altitude 
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Which may be demonſtrated thus. See Figure;ts 
Att. 52. of the Introduction. When the Moon is at 
Eſbe is nearly a both Part of her Diſtance hearer to the 


Exutrh, than When at n therefore, her Semidiameter 


meaſures as much more. But, ſuppoſing that Diffe- 
rence to àriſe from the Differebee of the Diſtances c 
and 655 and e the Moon between the {Zenith and Horis 
, Zon, in the Triangle ac whilſt ac and & f remain inva: 
nie, e wilt be direct as che 8 1 
Ahitide. whe A de N Bey 2 SH 
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Problems XXVIII. 3 the Effect of na tion 
in Altitude the Addition for ecke alſo * = 
nn Altitude, both of Sun and Moon. 
Firk & : 2 75 the Parallax in Algrage c, and t 
A for & | e the former Probl 
and; tak ing the Di rence; between. the Reffactien and 
de Parallax in Altitude, it ſfiews 5 much the Moon. 
is. to be elevated above her tomy Place, $9, 585 Ner 5 
to her trus Plage in the Heavens; aud how, much the 
Sus is to be deprg below. hi ble Place to. bring : 
him to his trug Place. 255 En, 
N „ Ir che, Moon's horks ol "Parallax 
Ra, Semidiameter be as in the. a Problem 
and the Sun's Altitude. 24d. 260. Ke qunced Shale, 
$5.08, both? . RY 4 54 . 
The.rrue Semidiamerer j is. found SS 
dnl che Parallax-in Altitude, 49 w. Js. Ee. 
_ from e 955 the h or 


's.P 5 in. a Altity de ny e JR 
25 taken from his Reftaction am. 8 88. ! 25 
12g Seconds. the joint Ef for the Sun. 0 c 
Problem XXI At Sea, 1 poke 8g Die | 
bande ofthe Sun and Looms or M a\Zodiacal - 
'Þ Ae in, the Day or Night, an a Epeerh, pig x 
atch.. Fart 12 7 1195 find the Lari 
ude x [oan's Meridian Altitude, * . 8 
Wia ch. Problem, the obſerved, = Diflance . 
2 the S > and; n or Magn, and Star, wich che He | 
heqerig, gives; 1 near che Tio 
been for the Lk: the Ephea 9 00 
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the Ship wit! 


2 in ſuch. 
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onpitude 9 who a! ;ftacal Fer. 
01 in the ſame Manner as the Bene of the Sun 
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ad. The Moon's. true Altitude muff be Wund. by 
_ finding Het” Parallax in Alcirude, the Difference be- 
teen which and her Reffaction in Altitude is additive, 
vſe the Parallax” in Altitude is greater that the 
Neffactios: and if the lower Limb is obſerved, her 
true Semidlameter at that, Attitude is additive,” other: Eh. 
viſe ſubductive; thus Bives the true Altirude of ne 
2 Centre. 7 2 A eee 
"94! "Having the true Neclinarin: ad (chi eus A 
lite of the Centre cleared from Refraction and Pa- 
tellar in Altitude; the Sum or Difference is to be taken 
= the fame” Manner as the Sun and Stars are dee 
do get the Meridian Altitude of the Equator, whoſe 
ment is tue Latitude required 90 
In this Problem, it is ſuppoſed that the rene 
prodits' the Mech Declination, without erting a 
imute of 1 Degree; and that in the Nighr, the Hori⸗ 
200: is & little Huminated' by the Moon's Light, and 


- unobſcured by Vapours. If the Moon Aon every 


near either of the Tropicy, the Declination will alter 
bat 4 lictie more than u Minute in 24 Hours; in Which 
Caſe, the Hour of Obſervation will not'be wanted, nor 
the Watch'ro'keep "Time" But when the Declination | 
15 mall, it ma le 6 Degrees in 24 Hours, or 18 
 Minvtes an Hour; and f erde, at ſuch Times, it 
will be diffeult to Getefmine the Latitude, to a Mi- 
nüte of A” Degree, by not knowing: the Haur at the 
Place fot which the pte was made, without a 
w of 4 Minutes 'of Time, that is the Longitude of 
ſchin a Degree: of Longitude. Therefore, 
rations,” the Longitude muſt be known 
before the Latitude can be Fo b by the Moon's Me- 
Hidian Aſtitode- If the Hour be inferred by the Time 
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j at the Ship and the Longitude by Reckoning the 
Exer Fill not adrpit of ä Correction, bur ir may bz 


S tte true ance of Centres, ant aſcertainin * 
i " the” Mh, | 
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_ Cemplements/ e nga 
ing the Angle ſought, che Sine of 9 1 half 
N Sine of the Remainder z half the Sum ; of cheſs four 
Pegarithms being found;in-Sipes,] an rde efpan- 
dent Coſine Arch; d. is che, Ang! ſought⸗ e ' 
By this "Thee: Azimuth Angle is com manly, 
opp, having. the- Co-latizuder;abe..Co-aliitude; 
and the. Polar: Diſtance, also, th Hou Angle h 
Noon, by having the Co-laticade,the; Polar illance, 
and. the Ce-altitude, :: ee 902 [Tp RO; as 9 gt 
„Other Theorems; the wol 11 
| and ſpherical Caleulation 8 are. inſerted: in 
” e 40 be vnde rſtoe d nm Treatiſe of, 
— re . Bye ts this Wa; b 041 0th \/ "ph: 5285 Tn 
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2m. and Remainder 31d. 7 
four Logarichms is 9. 29 445 and: double Coſine Arch | 
68d; tom. for the Angle at the Moon. Th. | 
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G e An nd? | 


for the Angle at the Sun. The Moon's Co-alriruds-is 
5754, zam. the Diſtanee 31d. 29m. and the Sund C 


altitude gd. 14m. the 8 Som of the three is 97d. 


the half Sum 4 


Parallax in Altitude is 8 Seconds, 8 prey 
the Refraction for the Sun gives 18 Seconds for the 
Hypothenuſe of the litiſe Triang'e” at the Sun. 


The Moon's Refraction 2 52 Seconds taken from the 
Moon's Parallax in Altitude 329 875 Seconds, gives 304t 
t 


Seconds tor the Hypothenuſe of the little Friangle at 


the Moon. As Reins to Coſine of the Suns Angle 
72355 40m. or rather it's Supplement 96d. a0. 8 
5 Seconds to 7 Seconds, which. are aduive betaufe 
ite Ben's: ' Angle is Srester than god Otherwise er, 
would · have been ſubductive. As Radhis c Cite - 
the Moon's Angle 68d. 10m. fs 306 Sechnds te 1181 


Srconde, Which are” ſubductive becauſe the: 


Angle is lefs than god. otherwiſe they would dave b been ; 


SN From 11 take” 7 remains tf 124 nag 
"18m: "445. "which? taken from 51d; 8m 3 


15 gives: id. Kok hind RAE Diftande 'of Centres 1 
: quimd. . 1 FF 

© Exainple- 2d. Suppo 

25m. the Aleitude of the Moon's Centre 27d. 35m; 
both being cleared FrowDip 3/ the obſerved'Diliance / 

of the Star and Moors Centre 102d. zoch. 58. = 


| the Altade of a Star 10. | 


the horizontal Parallax” 57m. 45. e 2 


Star's Co- altitude 74d. 33 m. the half Sum of the 
mw 
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N e 44m. af Reirainder Four: ris the 
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| Diſtance: of the Centte ?? ee e 
Solution. The Stars eblaltitude is 74d. a2 ae. | 
Diſtance” 1024; 30m. and the Moon's Co-attitude 629. 
. the half Sum öf the three is 119d. 44m5 and 
'  Renfainder” 57d. 19 n.; the Ralf Sum ot the' f r Lo- Fe 
garithms 9.9451, and double Cofine Arch 380 op | 
for the Angle at the'Srar.” The Moon's Co-alirade 
is 620. 2 3m, the Diſtance 1026: goin. 58. and* '., _— 
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| half an abe ebe e 9 92 ant dou- 
bie Coſine Arch 6d, 56m or thengle at ah Mon. 
\ Phe: Star's: Parathax:: in Aliud is G Sa Gs which 
taken from tlie Re fraction for che Stat 1 404. Se: 
eonds:for-the: Hyportenule of abt liktle Irengioauthe 
Stars he Moon's Refraction 309 Secgnds taken 
From” the: Moon's: Paraliax+im/Aldude:a0g5 Seconds, 
© gfves/129264:Seconds-for che fdypothenuſe af chelicgle 
Transe at the Mabn.“ A Rediuszo: Goline: of che 
Stars Angle gbd. uf my O, SD /p 14 Seco, 
whieh: Arc additive: brgauft. -the1Str? 80 Angle (like That 
e de Suh) is len han gd. e Rachus ze Crüne,ef 
e Moon's Angle 6g d ον h. peconder rg 24e 
Sttonde, Wfiich ace ſubdustivs . becaule 3 5 
Angle, is leſs than god Erema Aqαα,h,scialt A Sine; 
Þ Seconds \9r-28 43 A ſubductixe fame zd. 
mugs; the true. Diftanze:of Centies. is 1020. am. 
8817 Which was rrquired. d n idee wil. 
| eue, Al. Spppoſe, the Stars Altitude obſet ned 


48 agw., che, Altitude of the Moon's Cent cleared 


Di e ee Zams che 9 feed 
Hflta. e of their Centres! 33 l. 1m. e oY 
Bot a Farallor 550344305) 4/20 find Thestrue, Dit 

Lange: of the Centres d Al = ASTM 112 l 225 
Atlan. The Scaris Ce ahjande: is 41d. uad be Z 


Piſtuice- 3345 L3G uapdethe: Moan 8 Copalupidy 2 0d. 7 
Sum -0frheghrec/is, god, n and 


2 gdicgomo3ithy: bal, Some chert Lo- 
Wuchs 38 9195 287.5 and. danpſe Cofine Kr 240}. 


- 20m, for the Angle at the Stenz The Moa Cel: 
2 2v26/ 48" »5d 28 m. 3 the;Di$oncc-2305:0 tn, Andanbe 
| atk: 5 Bon dg $36 dee 42 


2 — the Sidi. — — 1 
„Which ane additiv beta ,ẽ,ëW 
the Star's Auge is left chung Is Radius d Ce 
f ehe! MODs Angle nd m ; Of} 838; «dem le- . 
308 Seconds t ſον,e whic hiare additive be- 


50 Seco 38 Secon 


eauſe the Mobnis-Angleris mare chan god Hut rhere 
on 'acoount oft rhemirinels: of the Dulancepandetht 


Moows\Anglerbeing-tgar'a Right Angle the- Dita, 


from the Star to thec Moon; is lungrrahanttto the: 


P whichithe: 94 Sceonds.addiniverfor/ther Manns; os 

much therefore 48 Sec, and g8 Secandst m a 
| addediitorig3ds' 1m. 205 paves 33d. 1m AU 
| —— \Centmtswequired. AB A t Leto fd. - 
_ - Example Ach. 11 Suppatet, the Brat's) Altitude d. 
Ag. «ther Moon's Awitudes 64d. gg ν,ẽWuhſenedt 
Didance of Centres 36d. 1m. ear e 

| Flag Gum, zes, Requiteg-jnhe- true: Niſtanct of 


bs Solution. Here, the Stars Angle is azad. 41H. the 
=. Angle 32d. 40; the Stars Rrfrat ien Art 

| 86 5 2 Rr fraction 27 Seconds theiMneb's 
Puarallax in Altitude 15/1 Secondsz the Hypathennſe 

ub the Star slittle Ftiangl 32 Seconds, and chat the 

Moon's: 1544 Seconds theb additive Sgcondstfürnbe 
»Starfst Hire Triangle 3915 che ſubductiue Srconus for 


the Moon's: 1900; then Difference 2 1m. 196 een 8 


E 27m. 3884 and, 5 5d. 50.8 Ahe uur 
Diſtauce nn SN eee , 

giſt. From the "foregoing Examples a — 8 
| kition$19abd=others thau mig lit e imroduced)y id Þy 
pears, that this Method is caſyzandicertain, requitigg- 
vol other original Principles chan what (he Nax iar 
either is or ought 10 be acquainted; with, norjany aries 
Tables than are or oughteto be in eανινννν pt Se. 
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to which arcinee:0nly.gedians, ut 
eee e Originals onhy bx 


 Mathemticiansoattd: 3 —— 02 e 
nf N Table uch rarecimgeniouſly.adaptediand 
eniqulatedforiſolxing chi Probi m inran b l gor - 


md manner, anno butch of, finguilar! IIſe ta ſuchias 
ddoſe ao:dechfit æhteringi inte the Rraſous or firſt 
Printiples neu wbith dhe Gomputatibns att founded 


and: theſe may al he redily applied bys others many 
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ot LONGITUDE RA: 10361 
of Longitude by the Sun; Mean und Zadiacal Stars. 
Moon's Apogee and Petiger 3 ber aſcending andi de. 
ſcending Nodes, where ſhe croſſeth che Earth's Orbit 5 
her accelerated and retarded Motions her Longiiue 
and Latitude and other Particulars, with her trua tenttal 
Niſtance from the Sun and Zodiaral. Stars, may be pte · 
dicted aud the Computations found to agror very _— 

With Observations 
XXVII. Of Longitude by corre8 V. ariation Charts. * 
sth. The Nature and Ute of pon Obacts of 
the: Magnetic Needle. bath» bean ſo fully explained 
from: page 41 t0 55 of this Treatiſe, that there is ſeſs 
Occaſion: for entering into eien concerning. 
them here. rot 8 
„In the chree former Methods of Leading the 1008 
tude ar Sea, but little if any thing can be dont whan, 
the Latitude is not knows near. the Truth. In 
2 by the uſual Method of Sailing, the Correction af 
the Longitude depends on the obſerved Latitude. IA 
the Method by E Help of a Watch, the Time at the 
Ship. da on the ohſerved Latitude, and ſo ix doth . 
in the Method by the Sun, Moon and Stars. in a 


three. of theſe Methods the . — ſhould be'kntwn nm 


within 10 or 12 Minutes of a Degree, in ſome Caſes 
| leſs, otherwiſe the Errors may be conſiderable. Hut 
in this Method by correct Variation Charts, a lefsac- 
euraey in the Latitude may be ſufficient in many Caſes, 
and ſometimes there may be na neceflity of knowing. 
it within many whole Degrees, where is is known: that _ 
the Lines of equal Voviagiont nearly; exincide with the 
Meridianss.. 38 : 
Problem I. To "direct the. Index of the Anda” 


Compaſs erg ide Sun, Meod/ore'Sear, eee Ns 


9 The. Index being fine) as the Begianing of 
the Degrees, mro it with the Frame talwhich it ia 
fixed, until the Centre of the Sun, Moon or Stir, n 
r the Sights, and it is che Diredio egi. 
| . Te mke the. Varig of rice the 

"2" 


S361] 
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Se 


to take the ee beg North exe che Needle 


1 HRO N nu ruck . 


x3 


f L 5 


47 by corteft Hur Charm 
Nofth Point of the Needle or Card; whiltt the Tride * 
is direfted toward the Sun; Moon or Star 


Raule. Whülſt one Perſon is carefully: keeping the 


Index in that Direction, let another take the greateſt 
_ an leaſt number of Degrees pointed to by that North 
Point of the Needle or Card, during 2, 4 6, or more 
Vibrations; and the Medium will be The : Degrees « and 
Minutes required, + UOTE 
Examples. Suppoſe- theſe: Vibratidts "to" give 16d. 
and 12d. the Medium. is 14d. the Aüſwer. "pot 
iey give 16d. 12d. 1g d hel the Medium is 13d. 
40m. the Anſwer, Su Suppoſe they give 'r6d;>124, 15d. 
11d. 14d. rod. edium is 1 v4 Suppoſe they 
give- _ 12d. * the Medium is id: 20m. Sup- 
Poſe th 124 1 K 16d, 14d. 154. 118. 14d. the Medi- | 
= is xg 36m. Tbeſe Mediums“: are 14d. 3 13d, 
4om; 1 130 ;"Om.'; 1305 {might 108 hene Re rt | 
Miko of the bete 14d.” emo} hh ee! 
By this Method it ili be often praft 


o few Minutes 


ee, . e ff "SET 


£12 


ral III, T'o' ror the Inde truly directed 


* 


| 8 "is %* 4 - 
” jy "a 8 , 5 7 * wh” - 1ok $» ju 6 
9 wy 13; ” I Rs. ES ; 
8 4% , * <L% 
"ny Pal 0 A 7 Tt 5 1 


Sun, uh 2 * e 16 . or rib ar ; 


o moved-toward the Sun,” that the apr 75850 'the 


Sights of the Index? throws it's Shadow coinciding 


"with: the Line drawn from End to End,” through the 

Middle of the Index, and it is the Paſition required. 
Problem IV. To obſerve how many Degrees and 

Minutes the Sun; Mon 6r 4 Star, bears either notth- 


eaſtwardly, northweſtwardly, ſoutheaſtwardly or ſouth· 


weſtwardly, from the North or South Point of the Nee- - 


| Ale or, Card; at the Pime of Gbſer vation. 


Nule. Direct tlie Tadex and take Ge Being -of 


| che d. North or South Point of the Needle, as in Fel 


Problems; and it gives the Anſwer required. 
roblem V. Having the Latitude of the Place, and 


; dee * 3 to find * 


— 


We 14 


Of the LONGI EUDE 6-4 


of Longitude by carrect „5 5 . 


that is, at what horizontal Diſtance he 15 
true Eaſt, either northward or fouthward therefrom. 


the Morning; and at what me: Lak 00 1 1 


true Weſt in the Se 


mplitude. e, thus. As Obe ey, the. 1 2 


15 83 e is to Radius; ſo is the Sine of the. gecli n 
to the Sine e E NL | 
|  , Otherwiſe thus. As Radius to "Scrant of hs Lan 
tude; ſo. is the Sine of the Declination to the Sine of 
the Amplitude. Otherwiſe thus. As Radius to the 
Sine af the Declination ſo i is the Secant of hg JR \ le 
to the Sine of the Amplitude. mn 
Which may be illuſtrated by Example thos, N LS 
Suppoſe the Latitude. 51. p N. and the Sun «De. 
clination 12% 32 N. required the true Hale” | 


By he. nf le. 2 0 1 an 5 


by E fo Radius e 24m. Or 


7 the ſecond Rule. "As Colne 455 9. 30 
dine; z ſo Sine of 12d. ee to Sine of 20 


. Rule. TAs Radids us Sccagt of $i. 
Joe. ſo Sine of 12d, 32m. 10 Sine of 20d. 24m, as 


ales Vi. Hiring ba Fete i the Place, i 


Altitude of the Sun, and his Declination z.to 65 f the ; Ie 


Azimuth or true horizontal Bearing of the Sun from 
| - the Point of the Horizon under the elevated Pole. 


Rule, Add together the Ca. latitude, the Co-aki- 


tude and the Polar diftance, and from their half Sum, 
ſubtract the Polar Diſtance to get a Remainder. Then 
add together the Co. ar, of the Co-latitude ; the Co. ar. 
© altitude; the Sine of the half Sum; and the 
e the, Remainder a and e taken h 

, Sum 


By the ety Rule. As 8 to the Sine of 12d. = 
Ele fo Secant of 51d. 30m. to Sine of 20d, 24m as 8 


* 
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Sum of theſe four Logarithms, find it in Sines; take 
the correſpondent Ce Cofine Arch and double it; Sives the 
Abkter⸗ 

\ Example. In Latitude god. om; N. the Sun's De- 
*Jination? being rad. 20m. N. and the Altitude of the 
Sun“ 8 Centre 7 57 7 wy Dip and Semidiameter 18d. 

24m. before Noon. , 745 vired the Azimuth or treu 
Being of the Sun at that ee + 

Here, the Co-latitude is 40d. om; the Co-altinude | 
A 36m. and the. Wege diſtance 77d. 40m. ; the half 

um of the three is 94d. 38m. and Remainder 16d. 
58 w.; the half Sum 61 the four Logarithms is 9.8392; 
-and its double Cofine Arch: gd. 39m. the Azimuth 
or Sun's Bearing at that Time eaſtwardly from the 
North Point of the Horizon. 

Had it been Afternoon, the Bearing would have 
been weſtwardly from the ſame North Point. 
5 Problem Vil. ' Having the Latitùde of the Place, 
the Altitude of the Sun's Centre taken before or after 
Noon, and the Bearing of the Sun's Centre, taken by 
the Compaſs at the ſame time, to determine the Varia- 
Hen. 

Rule. Compute the true Azimuth to the former 
Problem, and compare it with the obſerved Azimuth, 
*and che Variation will be found which was required. 
In this. Problem the principal Difficulty is in deter- 
mining whether the Variation be eaſting or weſting ; 
this is readily ſhewn by a Rectifier, ſhewing the Points 
of the Compaſs both for the true Horizon and the mag. 
_ netic}. Horizon. The Sun's true Azimuth is found 
On the troe Horizon; and the Point of the magnetic 
Horizon on which he Sun is obſerved is brought 
e ſo the magnetic North Point of the Card, 
ews Whether the Variation is caſting or weſting. 

The Plate at the End of Pradical Navigation, is 
"fine for this Uſe. | But the moſt maſterly and 
* getieral Way of doing this, is by making a ſmall Circle 
and croſſing it wirh two Lines drawn through the 
Centre at right Angles to each other, the North being 

8 uppermoſt 


\ = 
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Of, Longitude by cored x Tk Ch balls. 
. ge then, ce Leh an Degrees ether 1. 
| ſftimation Or by th E 12 5 e the. true North to . 
where the 3 18, 15 is ; Foun by the Probl lems; anc 
from that Point where the Sun found, as many... 
Degrees to, the [1 ht or lefr, r PIE as the magnetic. 
orth 1s Ne my rom, the Sun, gives. MI Mmagneric.. 
North; which, (from the Problem), will Either — 1 8% 
beyond or ſhort of. the 17 Ne 0 and thereby Key. 
the, Variation. and. what ing it is 0% rhether kalt ins 
N or weſting, which was required. 
Apoblem. VIII. 1 the Bearing. of the Sun by 
the Compaſs,, both in the Morning aod, Afternoon, 
whey the: Altitudes of the Sun are <qual; to "determine. 
| the V Wiatgng of the Compal: 8. 
| Rule, J ake "the Bearing of the Sun? $ "Centre born 
= in the Morgin and Afternoon, when the : Alcitu, fes are 
equal, the Noe iddle Point between them on the Card 
is, the true North Point of the Horizop,:, whi jb 179155 
| compared with! the, magnetic North. Ses the \ 
_ required, 
. This „ rm rods may be practiſed for any. voy 32 wy 
1 Morning and Afternoon, When the Sun is not fat from 
. either of the Tropics. But When, he is near; the Equa-, 
tor, it will be beſt to obſerve as near as Qpporcunity. * 
permits before. and after Noon, provided it be about 
an Hour from the Meridian Tranfit; for they, 4h e . 
Altitude may be taken ſufficiently exact, and, there can 
be no great. Error by the Chang * of the Sun's $: Decli- | 
nation in ihe. Jaterval of Tie, Pechecs the d a Obleis c 
vations. 
Problem Xa To determine; When the Suh 8 Centre 
will be mage true Horizon of, the Sea, ,  ippoiok is 
affected by R. fraction in Alditude only. i 
Rule. Firſt detetmine, What 3 18 the horizontal Re- 5 
fraction. for, the. Place vt. QObſeryation,, and, ſo much 
muſt. the: Sun's Centre be elevated ahove the Hori- 
Zon. the. Taftant when that Centre. is in the true Hori- 
Zzon. OG | 


- Exanyle.. Suppoſe "the Reff aftion of the Horizon 
0 2 35m. 


no © Ls haws 'f we Wwe %$ 


rus D ed 


18 The THEORY and PRACTICE. 
a Of | Longitude by corre® Variation Charts. 
"cleared from Dip, then is the Sun's Centre in 
15 ee when it appears 38m. above the Hori- 
zn. The ke Method is to be obſerved for other Re- 
fractions" near the Horizon; and therefore this Pro- 
blem is uſeful for determining when an Obſervation 
vnght to be made for the Amplitude. | 
Preben X. Having the Latitude of the Plahe and 
the Time elapſed from the Inſtant the Sun's Centre is 
in the true Horizon; wo determine the e of the 
Sun. ; 
Thi © Problem kath t two Ties: . ift. When the La- 
titude and Declination are alike; 2d. When they are 
unlike. Bur previous to the Solution of this Problem, 
it will be neceſſary to know how to find the two 
Angles of an oblique ſphericat Triangle, when it's two. 
ices and the * Angle ap Monte thoſe Sides” are 
ln, his Solution, the Sum of the two containing 
Sides muſt be: leſs than BO Degrees; if the Problem 
;be;tuch that they are more, the ſupplemental Triangle 
6 185d;/muſt-be-uſed;in it's. ſtead, and then of courſe, 
pple e Angle is found by the Proceſs. This 
_ .maken:no\Uncertaintyrin: the Solution, but requires a 
Aittie Attention in the Computor; that the one be not 
4 for the other. Tes ee e 1 
Dee 5 
* vi>aſteriAscthe; Sine, of che 24. dars of the containing 
dier, is to the Sine. of half their Differeme ; ſo is the 
_  Cotiangenii of balf ibe contained; _ ro the 7 agent of 
"half the: Difference of the F 
2d. As the Cofine pr th alf Ken — the tontoining 


des is to the Cefne of haf their Difference'; ſo is he 


Catangent of half the: contained. 0 les to the ane of a 
half the Sum of the Angles ſought. 

ad. The half Difference of he N Angles 
ed to their half Sum, gives the greater An te 


: ow which is always oppofte to the greateſt of the 
28 118 N the: ol once taken from. 1 60 
„ + "2 "Ralf 


o 2.4 {> a : 
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| Of Lowgitude by corret Variation Charts, 
half Sum, gives the leſſer Angle, ſought, weak 
always oppoſite to the leſſer of the given Sides- | 
This Problem may be of great Uſe at Seay for dy | 
the Methods before mentioned, the apparent Elevation 
which the Sun hath; when his Centre is in the Horizon, 
may be correctly aſſertained, and from that Inſtant till 
the Bearing of the Sun's Centre is obſerved 28 
Compaſs,” the Time may be meaſured by the 
Cloek or a Watch, and the Caleulation may be. 
made by the common e 8 as in the 
following Exam fle. l . 
Caſe 1. Suppoſe the Llabendet dl donn N. the: | 
' Declination: 26: 18m. N. and the — — 
the Sun's Centre being in the true Horizon to the 
Inſtant when his Bearing is obſerved th. om. of Time. | 
Required the true RAzimutp ?: hae nt t 
Solution. In the Triangle bil, ax is god. 0 5 
77d. 42m. and the Angle at e god. Therefore; the 
Tangent of zod. om. with abe Co-tangent of : id. 
4am, makes the Coſine of the Angle de with Radius; 
hener the Angle Bade is 1447 35m which added to the 
Angle bude 15d; om. makes thie Angle rue 89d 56m. 
which taken from 180d. gives the Angle ef god. im. 
Then, having the Co · latitude 4, che Polar diſtance 
die, and the included Angle ad one of the other Angles 
| %% being found, is 81d. 59m. or 4c the Azimuth 
required. In going through this Proceſs, and ev 
Example of this kind, the- Logarithms of the 
and Coſines are eaſily taken vt by the ſame —— 5 
alſo the Co-tangents; which greatly TR: the 
tion. F Thus; W414. 2017. 4 29; HOKE de 5607 : 
The half Sum ab the Sides is-58d- . und their 
half Difference 18d. im. The Sine of 38d. 6 m. 
and it's Coſine are taken out at once e. Allo; ide Sine 
of 18d. 51m. and it's Coñine t once. The remaining is 
very eaſy and conciſe. But what makes it preferable to 
other Methods, is its Accuracy; for by this Method, 
no Error can ariſe through Koritontal Vapours, When 
the: true Horizon hath been . aſcertained, and the 
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Obſerver. may meaſure out what dntapesl of Time he 
judges moſt proper. nee Fw 


Caſe 3. ls when the Latinude * Beabönstien are 
Unlike that is, one North, the other South. Io this 


Caſe, the ſupplemental Triangles to 489, Degrees are. 


to be applied in the Solution, although they fall below 
the Horizon toward the depreſſed Pole ; and when the, 
Angle is found, the Figute will ſhew what-is the true 
ogle, and what the ſopplemencal.one,/40 avoid: any 
Ingertainty ,, nett ines 881 c SURG 
Problem XI. Having the Go things, given as in 
the: former Problem. and the | Sun's; Bearing by the 
e. zihe lime Bark 5% nir the We 
Kak. E int od abe c true Bearing or 8 
in the former Problem; and compare it with the mag · 


f netic-: Bearing. ſo the Mana is had) which, Was le- 


* 15 5 
Bir ”. 79% 2 * - 7H 30 1 1 — I? FE 1275 * 445% Nx 


Problem Il. kiss two. Altirudes at the. Sun 
n, the ſame Day, and. the Incszval of Tine. 1 
between thoſe 1 meaſuted by the Ship's 


Clock or by a Watch, 10 determine. the. true Azimuth 1 
| or Resring of he e each. of the 1 nt Obler- 


13. 4 3 IF 


vation. a 
T bis Problem hath four Gaſes che manner of folv- 
ing which is ſhewn at large in Practical Navigation, 


under the Articles f Time at Sea; hre allo; itnis.. 


newn how to find the Solar Time all ibe Ship. and 
the Latitude of the Place, tramyhe- ſame Data; 

with the Corrections for the bh Kay; and ot ther things 
too large to be diſcuſſed in a few Words, and-there- 


_ Reference is had to be Work. for choke Particu- 


1 8 "os 5 


Ani 5 a T* * Pap +: Ga 3 Ng n 5 +4 Abr 


XIII. Having che Mme things given as in 


* 73. 


| the. former Problem, and the Bearing of the Sun's. 


Crates. eg, ; at, gach; of theſe Sn ance Dy pad g 
> determine che Variation. 
8 8 true eie by he for- | 


3 5 as 18 5 1 mer 
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mer Problem; compare it with the inagneic dad, 
and it gives the Variation required. e 


This Problem will be uſeful at Sea, when Relat. 


aids is quite unknown, or when the Ship hath' Been 
driven for a conſiderable Time, under fuch Coutſes 
and Diſtances, that no Dependance is to be had on the 
Latitude inferred from her Reckoning. It may alſo be 
uſeful on Land, where the Latitude is not knowu, 
nor the Interval a Perſon hath for being there, fuffici- | 
ent for Kern, $ it by meridian Altitudes of the Sun or 
Stars. e 

| "Problem XIV. Hlavies the Latitude of a Place, dle 
Declinatign of a Fixed Star, and the elapſed" Tithe 
from it's Riſing or Setting, till it is obſerved; to de- 
termine the true Azimuth at the Time of Obſerva- 


tion. A LIES: 3 © Ci 634-4 3 . 3737. 114 91 
This Problem is folved'i in t farne manner us that 
for the Sun, having che ſame Data 


Problem XV. Having the ſame things as in the 
former Problem; alſo the Bearing of the Star by the 


Compaſs, to ter wine the Variation! 1 11 
This Problem is alſo ſolved in the fame Sac e 
N that for the Sun, having the ſame-Dara; 4 7 


Problem XVI. Having + Variation Chart, to del 
termine the principal Lines expreſſed on it, and how 
they are to be reckoned or cbunted. e 
A Variation Chart of the niaginetic Needle, Hash 
three kinds of Lines; namely, iſt. Of Latitude. 2d.“ 
Longitude. 3d. Of Variation. The Latitudes intreaſe 


by Degrees and Minutes or Parts of a Degree from 
the Equinoctial to the Poles; theſe in Wrights Con- 


ſtruction are b ao Lines. The Longitudevincreal 
| both eaſtward and weſtward from that Meridian where 


Longitude begins, and therefore do not-excedif- — 
Degrees eaſtward or weſtward.” The Variation Lines 
of equal Variation, croſs or run through the Chi 
under ſuch Directions, that at any given Latitude 
Longitude on the pk the eee near fee 
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| Of Longitude by corre Variation Chars. 
Point, ſhews the Variation of the Compaſs or Needle, | 
at that Place of the Earth or Sea. + | 
Pran XVII. Having the Latitude and Longj- | 
| tude of a Place, and a Variation Chart 3 to determine g 
"08 Variation. | 

Falle. Guide es Eye « either northward or ſouth 


„ - #44! 


Problem XVIII. Haring: the Lat and 1Variatioo, 1 
= a correct Variation Chart; o Hnd the Longs 
Tad. 4 f 
Rule. Guide your 20 hortheard. or e 
amongſt the Parallels of Latitude; alſo under ſuch 
other Direction as the Variation- lines require, until you 
come to the given Latitude and Variation, and amongſt 
the Meridians will be ſhewn the Longitude Eaſt dr 
5.5 4 which was require. 

Problem XIX. Having the Longitude and Variati- | 
on, a alſo a corredt. Variation Chart to find the Lati- 7 
Rule. Guide your Eye eaſtward or een amongſt 
the Meridians, alſo under ſuch other Direction as is 


_ ſuitable amongſt the Variation- lines, until you come to 


the Place where they meet; and by the Parallels of 
NN the Latitude will be ſhewn which was TWINE: 


3 XX. . ron equal Altitudes. of 4 
x Sin the one taken a little before, and the other as 
much after the Meridian Tranſit; alſo, the Star's 
Declination and the elapſed Time between the two Ob. | 
f ſervations z to determine the true Azimuth. 
Raue. Find the Star's Polar- diſtance as is Ain | 
1 for the Sun z then ſay, as the Coſine of the Altitude it 
tothe Sine of half the elapſed Time; ſo is the Sine of the 
 Polar-diftance, 0 the: Sine of the Azimuth Fequir- 
end. 3 
1 En. Suppoſe in an o unknown Latitude the Al 
. titu E 
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| Of Longitude by corel? I ariation Gharvs. Ts 
—— obſerved 14 degrees before it came 
to the Meridian, and 5 Hours after it had. ey 
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3 This Method is very eaſily — — 
Ir- requires onlysa Sight of the Sum when the Latitude 
is known, and otherwiſe two Sights of the Sun ande 


the elapſed Timeg will tecerminkbothabe Latitude and 3 


: Longitude HL ING. eee HE TH ene 
ig Diſadvantages 4f rhe ſecond Method. T l 
1 ſt. The Timeskeeper muſt be. ſuch a Euriqusipiete : 
of workmanſhip, ſe fit for the purpoſe, and requiring 
ſo: much ingenuity, ſkill and care; that the Artiſt 
who makes it, will ien ieee ſuch a Price ſorit 
as the Work deſertes. 2d. 2d. That Price may be unſui- 
table with many Perſons, who want to find the Ben- 
gitude at Sea. 3d. Others whoꝛndo not regard the 
Expence, may not Want the Longitude either by Sea 
or Land ſo that but a few of the beſt of thoſe Ma- 
chines can be applied in the Sea-ſervice.- 4th. The 
Machine muſti have a ſtrict Trial before it is taken 
Sea, and that can no way be effected with Certainty 
but by the moſt perfect aflronomical Obſervations. th. 
If it happens to err at Sea, nothing belonging tot 
can ſhe what the Error is, or point out a Correction. 
öth. It may go well for a conſiderable Time, yet alter 
by Cauſes or. Accidents unforeſeen, and ſometimes: 
| "WY Difficulry: accounted for. ee bv? "= 
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5 1 This Method, in it's moſt fimple Form, 


requires no better Inſttument than what a Ship ought 


to have for hnding the Latitude, ifit be deſigned fora long 
Poayage. ad. Nor better Ability chan Navigators have 
ii general, for making Obſervations: : zd. The Lon- 
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amd in the Night. Ath. Insthe Night Obſervation, 
the Longitude may be taken, frequently; by help ef a 
Star eaſt, and ilſo one weſt of the Moog; ànd the 
Medium of the two may happen to cortect an Errot in 
either. Ath. In making the three cotemporary Qbſer- 
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ſeldom er with more than one 5 with 
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the ſame Time, may n Medium more sxact than 


a »fingle: one by itſelf. 7th. Perſons b are a little 
acqualnted with the Poeinelples, will eaſily judge hen 
the:Obſervations may be ſometimes ſoanade; as to need 
but little (if any) Correction for Refriction and Paral- 
lax: Sth. And at other; Times, ſcarce any thing elſe 
but for Re fraction and Parallam in Altitude Which 
reduces the Problem to more ſimple. n 1 85 
| den hitherio neee ble of: + Std; - 
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actount of the horizontal apours, ad. Near the 


Horizon, the Refraction may be different at different 


times and places. 3d. During. 3. 0r4 Days ina Month, 


the Moon maybe too near the Sun to admit of Obſerva- 
tion. Ath. For 8 or-g Days in a Month, the Sun and 
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Day- time, and then it will b 
Time till Night by help of a Weteb, and obſerve by 
the Moon and TZodiacal Stats. gth. For about 12 


e moſt eaſy to carry Solar 


Days in a Month the Day- obſervation cannot be made 
for the foregoing Reaſons, and during the other 18 
Days, there may be either fayourable; or unfavourahle 


Weather. 6th. When the Shipis not near the Equinectial, 
Care muſt be taken not to ſettle the Time at the Ship by 
an Altitude of the dun near. the Meridian, ch. The ſeve - 
ral ſmall Errors, ariſing in the Conſttuttion and Uſe of 

|  - the Sextant, or from anꝝ other Cauſes, whenever: they” 
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4. 2858. — 11. TW. — 50. 32E, — 6 Miles, plus. 
38. 45S. 26. 12W. I 50 E. — 4 Miles, plus. OY 
1 theſe Inſtances are not epough, many more max 
be produced, from real Obſervations made in tbe ma 
exact manner with the beſt In{fruments.. But notwith- 
ſtanding the near” Agreement. between, theſe or any 
others, one ot che other, of two; 1 
10 conſiderably: from. each other may be. nearer, the; Dn 
wid bed is the Tight, it MAE e difficule anon 
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8 There are ſevetal di e Tn 1 


uſed in finding, the Lop bande Sea, each af which 
belong $. to N pec JW: Method, ie 
are employed in ſolving Triangles and camꝑutin 
5 things which are 3 hs, according 85 
ethod e In the firft, Method, the. L ables | 
_ commanily uſed N avigation arc applied fat de termis 
ring oh e tirade. oy Difference o 
Longitude; ewhich, che I ogeti ms aranecellary. 
for computing, the. Ampl lirade and, Azimuth, and the 
Tables of Decligstion or We wieg the Latieude- by 
belp of Meridian "Altitudes,. or e by twa Aki 
tudes and the elapſed Time 4-0 . 
The ſecond, Method require, the. ,ogari 
| the 1 to make Computation, for. the Time 75 
at the Ship, And. the auth Methad:r quads fo 
7 18 Tables, for comput ing the trus Am and 
1 at the Time of Obſetyatio nm. 
„But, Are Method requizes. iſt. The E hemeris. 
ſhewing.th 45 ſeveral Data computed from he; Aſtro» 
Tables. "2d. eee for com 
the Time at the Ship, © _ 
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was made. Tbe ers tay be either of the Vlad f 
or contracted kind. But obſerying the Inſtruc- 
tions in chis Treatiſe, their Uſe 1 may be wholly ſupplied | 
\ (when the Refraction j is known) by the common. Pes | 
richmic Tables only. | 
Toth.” I ſets the Viriadion Nettes VP n 
i Eongitude at Sea, reguifes no more 'Tables than | 
the Watch Method; and wherever the Variation Chart 
5 the "Longinide BEL as the Walch, irs there 
a alien. Bur neithe the firſt, ſecond, Hor fourth 
Methods, require rhe logarithmic Tables n nicer than to 
each Minute of a Degree; afd if the third Method be 
applied after the manger directed in this Work, all the 
Computations of that e may. be made by the 
dame Tables. To which may be added; that, 
In the original Method © eee 1. — >" 1 
ow” Plam and pherical Triangles will lylves A mukitude 
en Problems. ps | 
iſt. In à Tight-angled [Plane *Friangle;" either of FE 
it's Sides may be Radius, and the 6jher | Sides will be 


Sitzes, 'Tangents of Secants; and what Proportion, the 


Side made Radius bath to Radius ; the ſame. have the 
other Sides to the Sines, Tangents or Secanits by them 
fepreſented, 2d. In an oblique angled. Pläpe Triangle; 
as the Bafe 1 is to the Sum of the Sides ;_ ſo is the Diffe- 
rence bf the Sides to the Difference of the Segments of 
he Baſe, . 3d. In a right” angled. Spherical Triangle 
Us the three Parts kartheſt from the right Angle 
imo -Complements)” che Sine of a Middle. Part With 
Radius; makes the Tan ents of the Extremes con une; = 
zuck the Colines of the Extremes disjun, 4th. In 
the oblique Spherical Triangles, as the Tangent of 
the Half Baſe, to the Tangent, of the half Sum of the 
other Sides; ſo is the Tangent of the half Difference | 
of thoſe Sides, to the Tabgent of the half Diffezenc 
of the Segments of the Baſe, Theſe, and other Theo: 
_ res, are 82 large in, Prafical, ee. I; 2 71 ? . 1 
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